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(57) Abstract 

Compounds of formula (I) are disclosed which are vitronectin receptor antagonists and are useful in the treatment of osteoporosis 
wherein: Y is CR'R* or NR'C(O); R 1 is -Co-ealkyl-Het-, -Co-ealkyl-Ar, H, -Ci-6alkyl, -CN or -S(0) k RS; R 2 is (a), (b), (c), (d) or (e); 
W is -(CHR8)a-U-(CHRs)b-; U is absent or CO, CR^, C(=CRB2), S(0)k, O, NRS, CRHOR*, CRS(OR k )CR£2, CR82CR8(OR k ), C(0)CR«2, 
CR8 2 C(0), CONR', NRtO, OC(O), C(0)0, C(S)0, OC(S), C(S)NR8, NR«C(S), S(OhNR8, NRSS(0) 2 N«N, NR8NR8, NR8CR82, CRSjNRg, 
CR82O, OCR8 2( oc , CR8-CR8, Ar or Het; G is NR e , S or O; R« is H, Ci-ealkyI, Het-Co-ealkyl, C3-7cycloalkyl-Co-6alkyl or Ar-Co-6alkyl; 
R k is R8 f -C(0)R8, or -€(0)OR f ; R> is H, Ci-^alkyl, Het-Qnialkyl, Cs-Tcycloalkyl-Co^alkyl, Ar-Co^alkyl, or Ci-^alkyl substituted by 
one to three groups chosen from halogen, CN, NRS2, ORe, SRs, CO2RS, and CON(R«>2; R f is H, Ci-ealkyl or Ar-Co_6alkyl; R e is H, 
Ci_6alkyl, Ar-Co-6alkyl, Het-QM>alkyl, C3-7cycloalkyl-Co-6alkyl, or (CH 2 )kC02RS; R b and R c are independently selected from H, Ci-ealkyl, 
Ar-Co^alkyl, Het-Co-salkyl, or C^cycloalkyl-Co^alkyl, halogen, CF3, OR f , S(0) k R f , COR f , NO2, N(R^2, CO(NR02, CH 2 N(R02. or R b 
and R c are joined together to form a five or six membered aromatic or non^aromatic carbocyclic or heterocyclic ring, optionally substituted 
by up to three substituents chosen from halogen, CF3, Ci_4alkyl, OR f , S(0)kR f , COR f , C02R f . OH, NO2, N(R% COff^R^, and CH 2 N(R02*, 
or methylenedioxy; Q 1 , Q 2 Q 3 and Q 4 are independently N or C-Rf, provided that no more than one of Q 1 , Q 2 Q 3 and Q 4 is N; R* is H, 
Ci-6alkyt, Ar-Co-6alkyl or C3-6cycloalkyl-Co-6alkyI; R" is R*, -C(0)R' or -C(0)OR'; Ry is H, halo, -OR8, -SRs, -CN, -NR8R k , -NO2, 
-CF 3 , CF 3 S(0),-, -CO2R8, -COR8 or -CONR8 2 , or Cj^alkyl optionally substituted by halo, -OR8, -SR8 -CN t -NRSR", -NO2, -CF3, 
R'S(0)r-, -C02R8, -COR8 or -CONR8 2 ; a is 0, 1 or 2; b is 0, 1 or 2; k is 0, 1 or 2; r is 0, 1 or 2; s is 0, I or 2; u is 0 or 1; and v is 0 or 
1; or a pharmaceutically acceptable salt thereof. 
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TITLE 

Vitronectin Receptor Antagonists 

FIELD OF THE INVENTION 

5 This invention relates to pharmaceutically active compounds which inhibit the 

vitronectin receptor and are useful for the treatment of inflammation, cancer and 
cardiovascular disorders, such as atherosclerosis and restenosis, and diseases wherein bone 
resorption is a factor, such as osteoporosis. 

10 BACKGROUND OF THE INVENTION 

Integrins are a superfamily of cell adhesion receptors, which are transmembrane 
glycoproteins expressed on a variety of cells. These cell surface adhesion receptors include 
gpilb /ma (the fibrinogen receptor) and 0^83 (the vitronectin receptor). The fibrinogen 
receptor gpilb /ma is expressed on the platelet surface, and mediates platelet aggregation 

IS and the formation of a hemostatic clot at the site of a bleeding wound. Philips, et al., 
Blood., 198&, 71. 831. The vitronectin receptor a v B3 is expressed on a number of cells, 
including endothelial, smooth muscle, osteoclast, and tumor cells, and, thus, it has a variety 
of functions. The a v B 3 receptor expressed on the membrane of osteoclast cells mediates the 
adhesion of osteoclasts to the bone matrix, a key step in the bone resorption process. Ross, 

20 et al., 7. Biol Chem., 1987, 262, 7703. A disease characterized by excessive bone 

resorption is osteoporosis. The 0^83 receptor expressed on human aortic smooth muscle 
cells mediates their migration into neointima, a process which can lead to restenosis after 
percutaneous coronary angioplasty. Brown, et al., Cardiovascular Res. t 1994, 28, 1815. 
Additionally, Brooks, et al., Cell, 1994, 79, 1 157 has shown that an 0^,83 antagonist is able 

25 to promote tumor regression by inducing apoptosis of angiogenic blood vessels. Thus, 
agents that block the vitronectin receptor would be useful in treating diseases, such as 
osteoporosis, restenosis and cancer. 

The vitronectin receptor is now known to refer to three different integrins, 
designated cty&i, 0^83 and 0^,85. Horton, et al., Int. J. Exp. Pathol, 1990, 71, 741. ctyBi 

30 binds fibronectin and vitronectin. 0^83 binds a large variety of ligands, including fibrin, 
fibrinogen, laminin, thrombospondin, vitronectin, von Willebrand's factor, osteopontin and 
bone sialoprotein I. 0^65 binds vitronectin. The vitronectin receptor 0^85 has been shown 
to be involved in cell adhesion of a variety of cell types, including microvascular 
endothelial cells, (Davis, et al., J. Cell Biol, 1993, 51, 206), and its role in angiogenesis 

35 has been confirmed. Brooks, et al., Science, 1994, 264, 569. This integrin is expressed on 
blood vessels in human wound granulation tissue, but not in normal skin. 
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The vitronectin receptor is known to bind to bone matrix proteins which contain the 
tn-peptide Arg-GIy-Asp (or RGD) motif. Thus, Horton. et al.. Exp. Cell Res. 1991 195 
368, disclose that RGD-containing peptides and an anti-vitronectin receptor antibody 
(23C6) inhibit dentine resorption and cell spreading by osteoclasts. In addition, Sato, et al 
J. Cell Biol. 1990, ///, 1713 discloses that echistatin, a snake venom peptide which 
contains the RGD sequence, is a potent inhibitor of bone resorption in tissue culture, and 
inhibits attachment of osteoclasts to bone. 

It has now been discovered that certain compounds are potent inhibitors of the 
^63 and receptors. In particular, it has been discovered that such compounds are 
more potent inhibitors of the vitronectin receptor than the fibrinogen receptor. 

SUMMARY OF THE INVENTION 
This invention comprises compounds of the formula (I) as described hereinafter 
which have pharmacological activity for the inhibition of the vitronectin receptor and are 
useful ,n the treatment of inflammation, cancer and cardiovascular disorders, such as 
atherosclerosis and restenosis, and diseases wherein bone resorption is a factor, such as 
osteoporosis. 

This invention is also a pharmaceutical composition comprising a compound 
according to formula (I) and a pharmaceutically carrier. 

This invention is also a method of treating diseases which are mediated by the 
vitronectin receptor. In a particular aspect, the compounds of this invention are useful for 
treating atherosclerosis, restenosis, inflammation, cancer and diseases wherein bone 
resorption is a factor, such as osteoporosis. 

DETAILED DESCRIPTION 

This invention comprises novel compounds which are more potent inhibitors of the 
vitronectin receptor than the fibrinogen receptor. This invention comprises compounds of 
formula (I): 




wherein: 

YisCRR'orNR'C(O); 



(D 



R 1 is -Ccfialkyl-Het-, -Co. 6 alkyl-Ar, H. -^.gallcyl, -CN or -S(0) k R8- 
35 R2i s 



-2- 



WO 00/07544 PCT/US99/17665 



NR" CR' — W- 



(?)u 



R' 

r" N Y N V (CR2)v_W ~ q ^ n v nr-_cr- 2 -w— 

J.1 _3 I \\ A 



^N^NR'-CR^-W N yN^fCRy- W 

O.v^NR 9 



or 



W is -(CHRg) a -U-(CHRg) b -; 

U is absent or CO, CR8,, C(=CRg 2 ), S (0) k , O, NRg, CRgORg, CR8(ORk)CR8, 
10 CR^CRrt, C(0)CRg 2 , CR g2 C(0). CONRi, NR'CO, OC(O), C(0)0. 0(8)0 ^ 
C(S)NRg NRgQS), S^NRg, NRg S(0 ) 2 N=N, NR8NR8, NRgCRg,, CRg^g CR^O, 
OCR8 2 , CsC ,CRg=CRg,ArorHet; ^ 
GisNRe.SorO; 

R* is H, Cl . 6 alkyl, Het-C^alkyl, C3-7c y cloalkyl.Co. 6 alkyl or Ar-Co. 6 alkyl; 
15 R k «sRg,-C(0)Rg,or-C(0)ORf; 

Ri is is H, C^kyl, Het-C^alkyl, C^cycloalkyl^alkyl. Ar- C^alkyl, or 
C^alkyl substituted by one to three groups chosen from halogen. CN, NRg,, ORg SRg 
C0 2 Rg,andCON(Rg) 2 ; 1 ' ' 

R f is H, Ci. 6 alkyl or Ar-Co^alkyl; 

20 Re « H, C,. 6 alkyl, Ar-C^alkyl, Het-C^alkyl, C 3 - 7 cycloallcyl-Co^I. or 

(CH^CC^RS; 

R b and Rc are independently selected from H, q^l, Ar-C^alkyl, Het-Cn 
6 alkyl, or Ca-ecycloalkyl-^alkyl, halogen, CF 3 , OR' S(0) k Rf CORf NO,, N(Rf), 

25 aromauc or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
three substituents chosen from halogen, CF 3 , C M alkyl. OR' S(0) k Rf, C0R f , C0 2 Rf OH 
N0 2 , N(R<) 2 , CO(NR*)2, and CH 2 N(Rfj 2 ;or methylenedioxy; 

~x r« Q !' ^ ? " nd * inde P endentl y N 0^ W provided that no more than one of 
Q'.O^.CpandQ^isN; 
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R' is H. Cuealkyl, Ar-Co- 6 aIkyl or C3. 6 cycloalkyl-Co. 6 aUcyl- 
R"isR',-C(0)R'or-C(0)OR'; 

or -CON^ H T ' SR8 ' " CN ' " NMRk ' - N02 ' ' CF3 ' ^ -°W -COR g 

rvVZZ ° r y ° Pti0na,Iy SUbStitUted by ha '°- -° R8 ' - SR8 ' "CN- -NR g R". "NO, 
-CF3,RS(0) r -,-C0 2 Rg,-CORgor-CONRg 2 ; 2 ' 

a is 0,1 or 2; 
b is 0, 1 or 2; 
kisO, lor 2; 
risO, 1 or 2; 
s is 0. 1 or 2; 
u isOor 1; and 
v is 0 or 1; 

or a pharmaceutically acceptable salt thereof. 

Also included in this invention are pharmaceutically acceptable addition salts and 
complexes of the compounds of this invention. In cases wherein the compounds of this 
•nvenuon may have one or more chiral centers, unless specified, this invention includes 
each umque nonracemic compound which may be synthesized and resolved by 
conventional techniques. In cases in which compounds have unsaturated carbon-carbon 
I^cas 6 " I* 0 " 1 1 * 16 °' S ^ ^ tranS ® ' somers are within the scope of this invention. 
In cases wherem compounds mayexist in tautomeric forms, such as ketc-enol tautomers. 

vln^ ^ ^ * ^ "* taUt ° meriC f0rm " 35 included 

wuh n tins mvennon whether existing in equilibrium or locked in one form by appropriate 
substitution with R*. 1 Fpropnaie 

He compounds of formula (I) inhibit the binding of vitronectin and other RGD- 
contaming peptides to the vitronectin receptor. Inhibition of the vitronectin receptor on 
osteoclasts inhibits osteoclastic bone resorption and is useful in the treatment of diseases 
wherem bone resorption is associated with pathology, such as osteoporosis and 

osteoarthritis. 

In another aspect, this invention is a method for stimulating bone formation which 
composes administering a compound which causes an increase in osteocalcin release 
Increased bone production is a clear benefit in disease states wherein there is a deficiency 
of mmerahzed bone mass or remodeling of bone is desired, such as fracture healing and the 
prevenuon of bone fractures. Diseases and metabolic disorders which result in loss of bone 
struc„d also benefit from such treatment. For instance, hyperparathyroidism, 
Paget s d.sease. hypercalcemia of malignancy, osteolytic lesions produced by bone 
metastasis, bone loss due to immobilization or sex hormone deficiency. Behcet's disease 
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osteomalacia, hyperostosis and osteopetrosis, could benefit from administering a compound 
of this invention. y 

Additionally, since the compounds of the instant invention inhibit vitronectin 

receptors on a number of different types of cells, said compounds would be useful in the 

• treatment of inflammatory disorder,, such as rheumatoid arthritis and psoriasis and 

card ovascular diseases, such as atherosclerosis and restenosis. The compounds of Formula 

(D of the present invention may be useful for the treatment or prevention of other diseases 

•ncludtng, but not limited to, thromboembolic disorder, asthma, allergies, adult respiratory 

d-stress syndrome, graft versus host disease, organ transplant rejection, septic shock 

eczema, contact dermatitis, inflammatory bowel disease, and other autoimmune dise'ases 

The compounds of the present invention may also be useful for wound healing 

The compounds of the present invention are also useful for the treatment, including 
prevent of Mgiogenic disorders ^ ^ ^ ^ ^ 

colons involving abnormal neovascularization. Where the growth of new Wood vessels 
» the cause of, or contributes to. the pathology associated with a disease, inhibition of 
angugenisis will reduce the deleterious effects of the disease. An example of such a 
disease target is diabetic retinopathy. Where the growth of new blood vessels is required to 
support growth of a deleterious tissue, inhibition of angiogenic will reduce the blood 
supply to the tissue and thereby contribute to reduction in tissue mass based on blood 
supply requirements. Examples include growth of tumors where neovascularization is a 
continual requirement in order that the tumor grow and the establishment of solid tumor 
metastases. Thus, the compounds of the present invention inhibit tumor tissue 
angiogenesis, thereby preventing tumor metastasis and tumor growth 

Thus, according to the methods of the present invention, the inhibition of 
angtogenesis using the compounds of the present invention can ameliorate the symptoms of 
the disease, and, m some cases, can cure the disease. 

Another therapeutic target for the compounds of the instant invention are eye 
diseases chacterized by neovascularization. Such eye diseases include corneal neovascular 
disorders such as corneal transplantation, herpetic keratitis, luetic keratitis, pterygium and 
neovascular pannus associated with contact lens use. Additional eye disease, also include 
age-related macular degeneration, presumed ocular histoplasmosis, retinopathy of 
prematurity and neovascular glaucoma. 

This invention further provides a method of inhibiting tumor growth which 
comprises administering stepwise or in physical combination a compound of formula (I) 
and an antineoplastic agent, such as topotecan and cisplatin. 
With respect to formula (I): 
Suitably R 2 is 
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(9), 



u 



Q 



^.N NR"— CR'— w 



.wherein Q', Q 2 , and Q3 are each CRy, Q4 \ s 

CRyorNanduisO, a ndpreferably,eachR'isH,R"isHorC 1 . 6 alkyl, Wis-(CH 2 ), 4 - q4 
is CRY and Ry is H. ^»-4.v 

Alternately R 2 j s 
(9) u 



*Q 2 ' 



. J • wherein Q^Q 2 .andQ3areeachCHanduis 
0, and preferably, each R' is H, R» is H or C^Ikyl, W is -(CHz) M - and v is 0. 
Alternately R 2 is 



10 



R^N 

, wherein G is NH and Rb and R«= are each 



H, and preferably, W is -(CH2)i-4 
Alternately R 2 j s 



15 



fi ^~NR"— CR'— W 

R^N 



, wherein G is NH and R b and R c are 
joined together to form a five or six membered aromatic or non-aromatic carbocyclic or 
heterocyclic ring, optionally substituted by up to three substituents chosen from halogen 
CF 3 , C^alkyl. QRf. S(0) k Rf CORf C0 2 Rf, OH, NQ 2 , N(R^ f CO(M% aad 
CH 2 N(Rr) 2 ; or methylenedioxy . Preferably, Rb a„ d R c ^ joined togemer tQ {Qm j 
20 membered aromatic carbocyclic or heterocyclic ring and W is -(CH 2 )m-. 
Alternately R 2 is 



i a six 
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p.. u „ • where ' n eachR , isH,R"isHorC 1 . 6 aIkyl, 
K» is H or C,. 6 aikyl and s is 0, 1 or 2 and, preferably, W is -(CH 2 )i- 4 - 

With respect to formula (I), suitably Rl is is phenyl, benzyl, pyridyl, imidazolyl 
oxazolyl or thiazolyl. Preferably, Rl is phenyl. Suitably, Y is NHC(O). 

Representative of the novel compounds of this invention are the following- 

2-yl]butanoic acid; 

yljbutanoic acid; 

yljbutanoic acid; and 

(±)-3-phen y l^ [4 -^ 
or a pharmaceutically acceptable salt thereof. 

In cases wherein the compounds of this invention may have one or more chiral 
center,, unless specified, this invention includes each unique nonracemic compound which 
may be synthesized and resolved by conventional technique, According to the present 
.nve„non,the(S)configurationofAeformula(D C om P oun^ispreferred. ' 

In cases in which compounds have unsaturated carbon-carbon double bonds, both 
the cts (Z) and trans (E) isomers are within the scope of this invention. The meaning of any 
subsutuent at any one occurrence is independent of its meaning, or any other substituenfs 
meaning, at any other occurrence. 

Also included in this invention are prodrugs of the compounds of this invention 
Prodrugs are considered to be any covalently bonded carriers which release the active 
parent dn.g according to forn.ulaCD/.v^. Thus ,in another aspect of this invention are 

N :S ^^\^C0 8 C 1< a!kyl 

(ID 

wherein: 

30 YisCR-R'orNR^O); 

R» is -Coealkyl-Het-, -C^alkyl-Ar. H, -C,. 6 alkyl, -CN or -S(0) k Rg; 



15 



20 



25 
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CR', — W- 



(P) u 



R' 



(?)u 



R - N y> N y' (CR ' 2)v ~ w ~~ Q ^ N y NR - CR' - W— 

111 o " ,4 

3 ,q 4 

Q 



Q* 2 -Q 3 

Q 



N^^NR"— CR' 2 — W 



r y 

Os^^NR 0 



or 



H 

-N ^(CR* ) — W 



W is -(CHRg) a -U-(CHRg) b -; 

U is absent or CO, CRg* C(=CRg2), S(0) k , O, NR8, CRgORg, CRSCOR^CR^, 
CRg2CRg(ORk), C(0)CRg2, CRg 2 C(0), CONR', NR'CO, OC(0), C(0)0. C(S)0, OC(S), 
10 C(S)NRg, NRgC(S), S(0) 2 NRg. NRgS(0)2 N=N, NRgNRg, NRgCRg* CRg^g CRg,0 
OCRB2, CSC , CRg=CRg, Ar or Het; 

GisNResorO; 

Rg is H, Chalky!, Het-Co. 6 alkyl. Cs.ycycioalkyl-Co.galkyI or Ar-Co_ 6 alkyl; 
R k is Rg, -C(0)Rg, or -C(0)ORf; 
15 Ri is is H, C^alkyl, Het-C^alkyl, C 3 -7cycloalkyI-Co. 6 alkyl, Ar- C^alkyl. or 

C^alkyl substituted by one to three groups chosen from halogen, CN, NRgj, ORg, SRg, 
C0 2 Rg,andCON(Rg) 2 ; 

R f isH,C 1 _ 6 alkylorAr-C 0 _ 6 alkyl; 

R e is H, C,. 6 alkyl, Ar-Co. 6 alkyl, Hel-C^aUcyl, C3.7cycloalkyl-Co.6alkyl, or 
20 (CH^CC^Rg; 

R b and Rc are independently selected from H, C^aUcyl, Ar-Co_ 6 aIkyl, Het-C(>. 
6 alkyl, or C^cycloalkyl-C^alkyl, halogen, CF 3 , OR', S^Rf CORf NO* N(R*) 2 , 
CO(m% CH 2 N(R*) 2 , or Rb and R* are joined together to form a five or six membered 
aromatic or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
25 three substituents chosen from halogen, CF 3 , C M alkyl, ORf, S(0) k Rf, COR* C0 2 Rf, OH, 
N0 2 , NOl^ CO(NRf) 2 . and CH 2 N(Rr) 2 ; or methylenedioxy; 

Q 1 , Q 2 , Q 3 and Q4 are independently N or C-RX, provided that no more than one of 
Q 1 , Q 2 . Q3 and is N; 

R' is H, Ci. 6 alkyl, Ar-Co. 6 alkyl or C3_ 6 cycIoalkyl-Q)^alkyl; 

-8- 



WO00/07544 




PCT/US99/17665 



15 



20 



25 



30 



35 



R" «s R'. -C(0)R'or -C(0)OR'; 

mZ lS ha, °' " SR8 ' " CN> - N °2' - CF 3' CF 3S(0) r , -C0 2 Rg. -CORg 

or -CONRg 2 , or C^lkyl optionally substituted by halo, -ORg, -SRg, -CN, -NRgR" -NO, 

-CF3,RS(0) r -,.C0 2 Rg,-CORgor-CONRg 2 ; ' 2 ' 

5 a is 0, 1 or 2; 

b is 0, 1 or 2; 
k is 0, 1 or 2; 
r is 0, 1 or 2; 
s is 0, 1 or 2; 
10 uis0orl;and 
v is 0 or 1; 

or a pharmaceutically acceptable salt thereof. 

Abbreviations and symbols commonly used in the peptide and chemical arts are 
used herein to describe the compounds of this invention. In general, the amino acid 
a ^mtionsfollow the IUPAC-IUB Joint Commission on Biochemical Nomenclature as 
described in Eur. J. Biochem., 158, 9 (1984). 

C M alkyl as applied herein means an optionally substituted alkyl group of 1 to 4 
carbon atoms and includes methy., ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl 
Chalky additionally includes pentyl, n-pentyl. isopentyl, neopentyl and hexyl and the 
simple aliphatic isomers thereof. C(M alkyl and C^alkyl additionally indicates that no 
alkyl group need be present (e.g., that a covalent bond is present). 

Any C M alkyl or C N6 alkyl, C 2 . 6 alkenyl, C 2 . 6 alkynyl or C,. 6 oxoalkyl may be 
optionally substituted with the group R« which may be on any carbon atom that results in a 
stable smicture and is available by conventional synthetic technique, Suitable groups for 

m,T " ^ 0R ' SR ' C ^ alk y ,SuIfon y , • CMalkylsulfoxyl, -CN, N(R) 2 CH 2 N(R-) 2 
o N0 2 , -CP 3 , - C02 R -CON(R> 2 , -COR', -NRC ( 0)R: F, CI. B, I, or ^.wher el r is 

Halogen or halo means F, CI, Br, and I. 

Ar « orar y , .asappliedherein.meansphenylornaphthyl, 0 rphenylor n aphthyl 
substituted by one to three substituents, such as those defined above for alkyl. especially 
CMalkyl, C M alkoxy, C M alkthio, CF 3 , NH 2 , OH. F, CI. Br or I. 

Het, or heterocycle, indicates an optionally substituted five or six membered 
monocyclic ring, or a nine or ten-membered bicyclic ring containing one to three 
heteroatoms chosen from the group of nitrogen, oxygen and sulfur, which are stable and 
available by conventional chemical synthesis. Illustrative heteroses are benzofuryl 
benzimidazole, benzopyran, benzothiophene, furan, imidazole, indoline, morpholine ' 
pipendme. piperazine, pyrrole, pyrrolidine, tetrahydropyridine, pyridine, thiazole, oxazole, 
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thiophene, quinoline, isoquinoline, and tetra- and perhydro- quinoline and isoquinoline. 
Any accessible combination of up to three substituents on the Het ring, such as those 
defined above for alkyl that are available by chemical synthesis and are stable are within 
the scope of this invention. 

C 3 .7cycloalkyl refers to anoptionally substituted carbocyclic system of three to 
seven carbon atoms, which may contain up to two unsaturated carbon-carbon bonds. 
Typical of C 3 -7cycloalkyl are cyclopropy 1, cyclobuty 1, cyclopentyl. cyclopentenyi, 
cyclohexyl, cyclohexenyl and cycloheptyi. Any combination of up to three substituents. 
such as those defined above for alkyl, on the cycloalkyl ring that is available by 
conventional chemical synthesis and is stable, is within the scope of this invention. 

When Rb and Rc are joined together to form a five- or six-membered aromatic or 
non-aromatic carbocyclic or heterocyclic ring fused to the ring to which Rb and Rc are 
attached, the ring formed will generally be a five- or six-membered heterocycle selected 
from those listed above for Het, or will be a phenyl, cyclohexyl or cyclopentyl ring 
Preferably R b and R. will be -D1=D2-D3=D4 wherein Dl - D4 are independently CH, N or 
C-R x with the proviso that no more than two of Dl - D4 are N. Most preferably, when Rb 
and R c are joined together they form the group -CH=CH-CH=CH-. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary butyl 
radical, Boc refers to the t-butyloxycarbonyl radical. Fmoc refers to the 
fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical. Cbz refers to the 
benzyloxycarbonyl radical. Bn refers to the benzyl radical, Me refers to methyl. Et refers to 
ethyl, Ac refers to acetyl. Alk refers to C M alkyl. Nph refers to 1- or 2-naphthyl and cHex 
refers to cyclohexyl. Tet refers to 5-tetrazolyl. 

Certain reagents are abbreviated herein. DCC refers to dicyclohexylcarbodiimide. 
DMAP refers to dimethylaminopyridine. DIEA refers to diisopropylethyl amine. EDC 
refers to l-(3-dimemyIanunopropyl)-3-ethylcarbodiiinide, hydrochloride. HOBt refers to 
1-hydroxybenzotriazole, THF refers to tetrahydrofuran, DIEA refers to 
diisopropylethylamine, DEAD refers to diethyl azodicarboxylate, PPh 3 refers to 
triphenylphosphine, DIAD refers to diisopropyl azodicarboxylate, DME refers to 
dimethoxyethane, DMF refers to dimethylformamide, NBS refers to N-bromosucciiumide, 
Pd/C refers to a palladium on carbon catalyst, PPA refers to polyphosphoric acid, DPPA 
refers to diphenylphosphoryl azide, BOP refers to benzotriazol-l-yloxy-tris(dimethyl- 
amino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid, TEA refers to 
triethylamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium chlorochromate. 

The compounds of formula (I) are generally prepared by reacting a compound of 
formula (HI) with a compound of formula (IV): 
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R 2 -NH 2 
(IV) 

wherein Rl and R 2 are as defined in formula (I), with any reactive functional 

groups protected; 

and thereafter removing any protecting groups, and optionally forming a 
pnarmaceutically acceptable salt. 

Schemes C l7 0UndS ^ ^ ^ * ** ^ in 
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Scheme f 



H0 2 C 




Me0 2 C 




C0 2 Et 



MeO-C N 




Me0 2 C 



C0 2 Et 




H0 2 C 




C0 2 Et 





5 (a) serine methyl ester. EDC, HOBt • H 2 O t Et 3 N. DMF; (b) Burgess reagent, THF; (c) 
CuBr 2 , DBU, hexamethylenetetramine, CH 2 CI 2 ; (d) Lil, pyridine; (e) CDI. CH 2 C1 2 , then 
2-[(3-amino-l-propyi)amino]pyridine dihydrochloride. Et 3 N; (f) LiOH. THF, H 2 0. then 



acidification. 



10 The mono-ethyl ester of 3-phenylglutaric acid (M; / Org. Chem. 1959, 24, 1290) 

is converted to an activated form of the acid using, for example, EDC and HOBt, or S0C1 2 , 
and the activated form is subsequently reacted with an appropriate 2-hydroxyethylamine, ' 
for instance serine methyl ester, in a suitable solvent such as DMF, CH 2 C1 2 , or CH 3 CN, to 
afford the hydroxyethylamide 1-2. Depending on whether acid neutralization is required, 

15 an added base, such as triethylamine (Et 3 N), diisopropylethylamine ((i-Pr) 2 NEt), or 
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pyridine, may be used. Many additional methods for converting a carboxylic acid to an 
amide are known, and can be found in standard reference books, such as "Compendium of 
Organ,c Synthetic Methods", Vol. I - VI (published by Wiley-Interscience), or Bodansky 
"The Pract.ce of Peptide Synthesis" (published by Springer-Verlag). Compound 1-2 is 
converted to the oxazole derivative 1-4 through a standard two-step process. First, 
compound 1-2 is cyclized under dehydrating conditions, preferably with the Burgess 
reagent (Org. Synth. Coll. Vol. VI 1988. 788) as described by Meyers (J. Org. Chem. 1996 
61, 8207), to afford the oxazoline derivative 1-3. Subsequent oxidization according to the ' 
general methodology developed by Barrish (J. Org. Chem. 1993. 58, 4494) affords the 
oxazole derivative 1-4. Other methods for the preparation of oxazoles from oxazolines are 
known, several of which are described in a recent review by Meyers (Tetrahedron 1994 50 
2297). The methyl ester of 1-4 is cleaved to the corresponding carboxylic acid (I-S) using ' 
nucleophilic conditions, such as lithium iodide in refluxing pyridine. Other methods for the 
nucleophrlic cleavage of methyl esters can be found in standard reference volumes, such as 
Greene, "Protective Groups in Organic Synthesis" (published by Wiley-Interscience) 
Nucleophilic conditions are preferable in this instance, as concomitant cleavage of the ethyl 
ester might be expected under standard saponification conditions. Compound 1-5 is 
converted to an activated form of the acid using l.l'-carbonyl diimidazole, and the 
activated form is reacted with an appropriate amine, for instance 2-[(3-amino-l- 
prop y l)amino]pvridine dihydrochloride. to afford the amide derivative 1-6. As discussed 
above, a variety of other methods might be used to convert acid 1-5 to the amide 1-6. The 
ethyl ester of 1-6 is hydrolyzed using aqueous base, for example, LiOH in aqueous THF or 
NaOH in aqueous methanol or ethanol. and the intermediate carboxylate salt is acidified 
with a suitable acid, for instance TFA or HC1, to afford the carboxylic acid 1-7. 
Alternatively, the intermediate carboxylate salt can be isolated, if desired, or a carboxylate 
salt of the free carboxylic acid can be prepared by methods well-known to those of skill in 
the art. 
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Scheme FT 




C0 2 H 



(a) ethyl chloroformate, NMM, THF, then NaBH 4 , MeOH; (b) CBr 4 . PPh 3 . THF; (c) PPh 3 
CH 3 CN; (d) 4-fNKte rt -butoxycarlx>nyI)-N-(pyridin-2.yl)aiiuno]butanal KN(TMS) 2 , DMF- 
(e) 4 N HCl/dioxane; (f) cyclohexene, 10% Pd/C, 2-propanol; (g) LiOH. THF, H 2 0, then ' 



acidification. 
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The carboxylic acid of compound IM i s selectively reduced to the corresponding 
alcohol (II-2) in the presence of the ethyl ester by a two-step procedure. The first step 
involves the formation of a mixed anhydride, using an alkyl chloroformate. such as ethyl 
chioroformate, in the presence of a trialkylamine base, generally N-methylmorpholine 
(NMM). The reaction is usually conducted in a polar, aprotic solvent, such as THE The 
mixed anhydride is generally not isolated, but rather is reacted in situ with an appropriate 
reducing agent, preferably sodium borohydride (NaBH 4 ). When NaBH 4 is used as the 
reducing agent, a co-solvent such as MeOH or EtOH is required to solubilize the NaBfy. 
The alcohol II-2 is converted to the bromide II-3 by reaction with carbon tetrabrornide 
(CBr 4 ) in the presence of triphenylphosphine (PPh 3 ), according to the general method of 
Downie {Chem. Ind. 1966, 900). Many additional methods are available for the conversion 
of an alcohol to the corresponding halide, and are published in standard reference volumes, 
such as "Compendium of Organic Synthetic Methods" (published by Wiley-Interscience).' 
The bromide H-3 reacts with a trialkyl- or triarylphosphine, for instance 
triphenylphosphine, in an appropriate solvent, such as acetonitrile, to afford the Wittig salt 
n-4. On reaction with a suitable base and a suitable aldehyde, for instance 4-[N-(tert- 
butoxycarbonyl)-N-(pyridin-2-yl)amino]butanal, II-4 reacts in a well-known Wittig 
reaction to afford olefin 11-5. In the present instance, the conversion of n-4 to US is 
accomplished optimally according to a general procedure described by Evans (/. Am. 
Chem. Sac. 1992, 114, 9434). The rm-butoxycarbonyl protecting group in O-S is removed 
under acidic conditions, such as 4 N HC1 in 1.4-dioxane or TFA in CH 2 C1 2 . to afford H-6. 
Conditions for removal of the rm-butoxycarbonyl protecting group are well-known to 
those of skill in the art, and several useful methods are described in standard reference 
volumes such as Greene "Protective Groups in Organic Synthesis". Both the olefin and N- 
oxide moieties of D-6 are reduced simultaneously using transfer hydrogenation conditions 
to afford n-7. Typically, this reaction is mediated by a palladium catalyst, preferably 
palladium metal on activated carbon, and occurs in an inert solvent, for instance methanol, 
ethanol,or2-propanol. Cyclohexene. 1.4-cyclohexadiene, fonnic acid, and salts of formic 
acid, such as potassium formate or ammonium formate, are commonly used as the 
hydrogen transfer reagent in this type of reaction. The ethyl ester of n-7 is hydrolyzed as 
described in Scheme I to afford the carboxylic acid II-8. 

Amide coupling reagents as used herein denote reagents which may be used to 
form peptide bonds. Typical coupling methods employ carbodiimides, activated 
anhydrides and esters and acyl halides. Reagents such as EDC. DCC, DPPA. BOP reagent. 
HOBt, N-hydroxysuccinimide and oxalyl chloride are typical. 

Coupling methods to form peptide bonds are generally well known to the art. The 
methods of peptide synthesis generally set forth by Bodansky et al., THE PRACTICE OF 
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PEPTIDE SYNTHESIS, Springer- Veriag, Berlin. 1984, Ali et al. in J. Med. Chem., 29 984 
(1986) and/ Med. Chem., 30. 2291 (1987) are generally illustrative of the technique and 
are incorporated herein by reference. 

Typically, the amine or aniline is coupled via its free amino group to an appropriate 
carboxylic acid substrate using a suitable carbodiimide coupling agent, such as N.N' 
dicyclohexyl carbodiimide (DCC), optionally in the presence of catalysts such asl- 
hydroxybenzotriazole (HOBt) and dimethylamino pyridine (DMAP). Other methods, such 
as the formation of activated esters, anhydrides or acid halides, of the free carboxyl of a 
suitably protected acid substrate, and subsequent reaction with the free amine of a suitably 
protected amine, optionally in the presence of a base, are also suitable. For example a 
protected Boc-amino acid or Cbz-amidino benzoic acid is treated in an anhydrous solvent 
such as methylene chloride or tetrahydrofuran(THF). in the presence of a base, such as N- 
methyl morpholine, DMAP or a trialkylamine, with isobutyl chloroformate to form the 
"activated anhydride", which is subsequently reacted with the free amine of a second 
protected amino acid or aniline. 

Useful intermediates for preparing formula (I) compounds in which R2 i s a 
benzimidazole are disclosed in Nestor et al. J. Med. Chem. 1984. 27, 320. Representative 
methods for preparing benzimidazole compounds useful as intermediates in the present 
invention are also common to the art and may be found, for instance, in EP-A 0 381 033. 

Acid addition salts of the compounds are prepared in a standard manner in a 
suitable solvent from the parent compound and an excess of an acid, such as hydrochloric 
hydrobromic, hydrofluoric, sulfuric, phosphoric, acetic, trifluoroacetic. maleic, succinic or 
methanesulfonic. Certain of the compounds form inner salts or zwitterions which may be 
acceptable. Cationic salts are prepared by treating the parent compound with an excess of 
an alkaline reagent, such as a hydroxide, carbonate or alkoxide. containing the appropriate 
cation; or with an appropriate organic amine. Cations such as Li+, Na+. K+, Ca^. Mg++ 
and NH4+ are specific examples of cations present in pharmaceutically acceptable salts. 

This invention also provides a pharmaceutical composition which comprises a 
compound according to formula (D and a pharmaceutical^ acceptable carrier. 
Accordingly, the compounds of formula (I) may be used in the manufacture of a 
medicament. Pharmaceutical compositions of the compounds of formula (I) prepared as 
hereinbefore described may be formulated as solutions or iyophilized powders for 
parenteral administration. Powders may be reconstituted by addition of a suitable diluent 
or other pharmaceutical* acceptable carrier prior to use. The liquid formulation may be a 
buffered, isotonic, aqueous solution. Examples of suitable diluents are normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution. Such formulation is especially suitable for parenteral administration, but may also 
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be used for oral administration or contained in a metered dose inhaler or nebulizer for 
insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, gelatin, 
hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or sodium 



citrate. 



Alternately, these compounds may be encapsulated, tableted or prepared in a 
emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liquid 
carriers may be added to enhance or stabilize the composition, or to facilitate preparation of 
the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate. terra alba, 
magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. Liquid carriers 
include syrup, peanut oil, olive oil, saline and water. The carrier may also include a 
sustained release material such as glyceryl monostearate or glyceryl distearate, alone or 
with a wax. The amount of solid carrier varies but, preferably, will be between about 20 
mg to about 1 g per dosage unit. The pharmaceutical preparations are made following the 
conventional techniques of pharmacy involving milling, mixing, granulating, and 
compressing, when necessary, for tablet forms; or milling, mixing and filling for hard 
gelatin capsule forms. When a liquid carrier is used, the preparation will be in the form of 
a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 
formulation may be administered directly p.o. or filled into a soft gelatin capsule. 

For rectal administration, the compounds of this invention may also be combined 
with excipients such as cocoa butter, glycerin, gelatin or polyethylene glycols and molded 
into a suppository. 

The compounds described herein are antagonists of the vitronectin receptor, and are 
useful for treating diseases wherein the underlying pathology is attributable to ligand or cell 
which interacts with the vitronectin receptor. For instance, these compounds are useful for 
the treatment of diseases wherein loss of the bone matrix creates pathology. Thus, the 
instant compounds are useful for the treatment of ostoeporosis, hyperparathyroidism, 
Paget's disease, hypercalcemia of malignancy, osteolytic lesions produced by bone 
metastasis, bone loss due to immobUization or sex hormone deficiency. The compounds of 
this invention are also believed to have utility as antitumor, anti-angiogenic, 
antiinflammatory and anti-metastatic agents, and be useful in the treatment of 
atherosclerosis and restenosis. 

The compound is administered either orally or parentenuly to the patient, in a 
manner such that the concentration of drug is sufficient to inhibit bone resorption, or other 
such indication. The pharmaceutical composition containing the compound is administered 
at an oral dose of between about 0.1 to about 50 mg/kg in a manner consistent with the 
condition of the patient. Preferably the oral dose would be about 0.5 to about 20 mg/kg. 
For acute therapy, parenteral administration is preferred. An intravenous infusion of the 

- 17- 



WO 00/07544 



PCT/US99/17665 



peptide in 5% dextrose in water or normal saline, or a similar formulation with suitable 
excipients, is most effective, although an intramuscular bolus injection is also useful. 
Typically, the parenteral dose will be about 0.01 to about 100 mg/kg; preferably between 
0. 1 and 20 mg/kg. The compounds are administered one to four times daily at a level to 
5 achieve a total daily dose of about 0.4 to about 400 mg/kg/day. The precise level and 
method by which the compounds are administered is readily determined by one routinely 
sidled m the art by comparing the blood level of the agent to the concentration required to 
have a therapeutic effect. 

This invention further provides a method for treating osteoporosis or inhibiting 
10 bone loss which comprises administering stepwise or in physical combination a compound 
of formula (I) and other inhibitors of bone resorption, such as bisphosphonates (i.e., 
alendronate), hormone replacement therapy, anti^strogens. or calcitonin. In addition this 
mvention provides a method of treatment using a compound of this invention and an 
anabolic agent, such as the bone monogenic protein, iproflavone, useful in the prevention 
15 of bone loss and/or to increase bone mass. 

Additionally, this invention provides a method of inhibiting tumor growth which 
comprises administering stepwise or in physical combination a compound of formula (I) 
and an antineoplastic agent. Compounds of the camptothecin analog class, such as 
topotecan. irinotecan and 9-aminocamptothecin, and platinum coordination complexes 
such as cisplatin. ormaplatin and tetraplatin, are well known groups of antineoplastic 
agents. Compounds of the camptothecin analog class are described in U.S. Patent Nos 
5,004,758. 4,604,463. 4.473,692. 4,545,880 4,342,776. 4,513.138, 4,399,276, EP Patent 
Appucation Publication Nos. 0 418 099 and 0 088 642, Wani, et a!.. J. Med Chenu, 1986 
29, 2358, Wani, et al., J. Med Chenu, 1980, 23, 554, Wani, et al., /. Med. Chenu, 1987, 30 
1774. and Nit*, et al.. Proc. 14th International Congr. Chemotherapy., 1985, Anticancer 
Section J, 28, the entire disclosure of each which is hereby incorporated by reference. The 
platinum coordination complex, cisplatin. is available under the name Platinol® from 
Bristol Myers-Squibb Corporation. Useful formulations for cisplatin are described in U S 
Patent Nos. 5,562,925 and 4,310,515, the entire disclosure of each which is beieby 
incorporated by reference. 

In the method of inhibiting tumor growth which comprises administering stepwise 
or in physical combination a compound of formula (I) and an antineoplastic agent, the 
platinum coordination compound, for example cisplatin, can be administered using slow 
intravenous infusion. The preferred carrier is a dextrose/saline solution containing 
mannitol. The dose schedule of the platinum coordination compound may be on the basis 
of from about 1 to about 500 mg per square meter (mg/ m 2) of body surface area per course 
of treatment. Infusions of the platinum coordiation compound may be given one to two 
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t-mes weekly, and the weekly treatments may be repeated several times. Using a 
compound of the camptothecin analog class in a parenteral administration, the course of 
therapy generally employed is from about 0.1 to about 300.0 mgW of body surface area 
Per day for about five consecutive days. Most preferably, the course of therapy emp.oyed 
5 for topotecan is from about 1 .0 to about 2.0 mg/ m 2 of body surface area per day for about 
five consecutive days. Preferably, the course of therapy is repeated at least once at about a 
seven day to about a twenty-eight day interval. 

The pharmaceutical composition may be formulated with both the compound of 
formula (I) and the antineo P .astic agent in the same container, but formualtion in different 
> contamers is preferred. When both agents are provided in solution form, they can be 
contamed in an infusion/injection system for simultaneous administration or in a tandem 
arrangement. 

For convenient administration of the compound of formula (I) and the 
antineoplastic agent at the same or different times, a kit is prepared, comprising, in a single 
contamer, such as a box. carton or other container, individual bottles, bags, vials or other 
contamers each having an effective amount of the compound of formula (I) for parenteral 
admnustration, as described above, and an effective amount of the antineoplastic agent for 
parenteral administration, as described above. Such kit can comprise, for example, both 
pharmaceutical agents in separate containers or the same container, optionally as 
lyophthzed plugs, and containers of solutions for reconstitute. A variation of this is to 
•nclude the solution for reconstitution and the lyophilized plug in two chambers of a single 
contamer, which can be caused to admix prior to use. With such an arrangement, the 
^neoplastic agent and the compound of this invention may be packaged separate*, as in 
two contamers, or lyophilized together as a powder and provided in a single container 

When both agents are provided in solution form, they can be contained in an 
.nfusion/injection system for simultaneous administration or in a tandem arrangement For 
example, the compound of formula (I) may be in an i.v. injectable form, or infusion bag 
hnked ,n series, via tubing, to the antineoplastic agent in a second infusion bag. Using such 
a system, a patient can receive an initial bolus-type injection or infusion of the compound 
of formula (D followed by an infusion of the antineoplastic agent. 

The compounds may be tested in one of several biological assays to determine the 
concentration of compound which is required to have a given pharmacological effect. 

Inhibition of vitronectin binding 

Soli d .P h ase[3HJ-SK&F-W7260 Binding a v fy: Human placenta or human platelet 
a v P 3 (0.1-0.3 mg/mL) in buffer T (containing 2 mM CaCl 2 and 1% octylglucoside) was 
diluted with buffer T containing 1 mM CaCl 2> 1 mM MnCI 2 , 1 mM MgCl 2 (buffer A) and 
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0.05% NaN 3 , and then immediately added to 96-well ELISA plates (Coming, New York, 
NY) at 0. 1 mL per well. 0. 1 - 0.2 ug of a v p3 was added per well. The plates were 
incubated overnight at 4°C. At the time of the experiment, the wells were washed once 
with buffer A and were incubated with 0.1 mL of 3.5% bovine serum albumin in the same 
buffer for 1 hr at room temperature. "Following incubation the wells were aspirated 
completely and washed twice with 0.2 mL buffer A. 

Compounds were dissolved in 100% DMSO to give a 2 mM stock solution, which 
was diluted with binding buffer (15 mM Tris-HCl (pH 7.4), 100 mM NaCl, 1 mM CaCl 2 , 1 
mM MnCl2, 1 mM MgCl2) to a final compound concentration of 100 uM. This solution is 
then diluted to the required final compound concentration. Various concentrations of 
unlabeled antagonists (0.001 - 100 uM) were added to the wells in triplicates, followed by 
the addition of 5.0 nM of [ 3 H]-SK&F- 107260 (65 - 86 Ci/mmol). 

The plates were incubated for 1 hr at room temperature. Following incubation the 
wells were aspirated completely and washed once with 0.2 mL of ice cold buffer A in a 
well-to-well fashion. The receptors were solubilized with 0.1 mL of 1% SDS and the 
bound [3H]-SK&F-107260 was determined by liquid scintillation counting with the 
addition of 3 mL Ready Safe in a Beckman LS Liquid Scintillation Counter, with 40% 
efficiency. Nonspecific binding of [ 3 H]-SK&F- 107260 was determined in the presence of 
2 pM SK&F- 107260 and was consistently less than 1% of total radioligand input. The 
IC50 (concentration of the antagonist to inhibit 50% binding of [ 3 H]-SK&F-107260) was 
determined by a nonlinear, least squares curve-fitting routine, which was modified from the 
LUNDON-2 program. The Kj (dissociation constant of the antagonist) was calculated 
according to the equation: Kj = 1C 50 /(1 + L/Kd), where L and Kd were the concentration 
and the dissociation constant of [ 3 H]-SK&F- 107260, respectively. 

Compounds of the present invention inhibit vitronectin binding to SK&F 107260 in 
the concentration range of about 2.0-0.2 micomolar. 

Compounds of this invention are also tested for in vitro and in vivo bone resorption 
in assays standard in the art for evaluating inhibition of bone formation, such as the pit 
formation assay disclosed in EP 528 587, which may also be performed using human 
osteoclasts in place of rat osteoclasts, and the ovarectomized rat model, described by 
Wronski et al. , Cells and Materials 1991, Sup. 1 , 69-74. 

Vascular smooth muscle cell migration assay 

Rat or human aortic smooth muscle cells were used. The cell migration was 
monitored in a Transwell cell culture chamber by using a polycarbonate membrane with 
pores of 8 um (Costar). The lower surface of the filter was coated with vitronectin. Cells 
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were suspended in DMEM supplemented with 0.2% bovine serum albumin at a 
concentration of 2.5 - 5.0 x 10* cells/mL, and were predated with test compound at 
vanous concentrations for 20 min at 20°C. The solvent alone was used as control. 0.2 mL 
of the cell suspension was placed in the upper compartment of the chamber. The lower 
compartment contained 0.6 mL of DMEM supplemented with 0.2% bovine serum albumin 
Incubation was carried out at 37°C in an atmosphere of 95% air/5% CO2 for 24 hr After 
mcubation. the non-migrated cells on the upper surface of the filter were removed by gentle 
scrapmg. The filter was then fixed in methanol and stained with 10% Giemsa stain 
Migration was measured either by a) counting the number of cells that had migrated to the 
lower surface of the filter or by b) extracting the stained cells with 10% acetic acid 
followed by determining the absorbance at 600 nM. 

Thyroparathyroidectomized rat model 

Each experimental group consists of 5-6 adult male Sprague-Dawley rats (250-400g body 
weight). The rats are thyroparathyroidectomized (by the vendor, Taconic Farms) 7 days prior to 
use. All rats receive a replacement dose of thyroxine every 3 days. On receipt of the rats 
circulating .onized calcium levels are measured in whole blood immediately after it has been 
withdrawn by tail venipuncture into heparinized tubes. Rats are included if the ionized Ca level 
(measured with a Ciba-Corning model 634 calcium pH analyzer) is <1.2 mM/L. Each rat is fitted 
with an indwelling venous and arterial catheter for the delivery of test material and for blood 
sampling respectively. The rats are then put on a diet of calcium-free chow and deionized water 
Baseline Ca levels are measured and each rat is administered either control vehicle or human 
parathyroid hormone 1-34 peptide (hPTHl-34, dose 1.25 ug/kg/h in saline/0.1% bovine serum 
albumin, Bachem, Ca) or a mixture of hPTHl-34 and test material, by continuous intravenous 
infusion via the venous catheter using an external syringe pump. The calcemic response of each 
rat ,s measured at two-hourly intervals during the infusion period of 6-8 hours. 

Human osteoclast resorption and adhesion assays 

Pit resorption and adhesion assays have been developed and standardized using 
normal human osteoclasts derived from osteoclastoma tissue. Assay 1 was developed for 
the measurement of osteoclast pit volumes by laser confocal microscopy. Assay 2 was 
developed as a higher throughput screen in which collagen fragments (released during 
resorption) are measured by competitve ELBA. 
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Assay 1 (using laser confocal microscopy) 

AHquots of human osteoclastoma-derived cell suspensions are removed from liquid 
nitrogen strorage. wanned rapidly at 37°C and washed xl in RPMI-1640 medium by 
centrifugation (lOOOrpm, 5 mins at 4°C). 

The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
mixed frequently. 

The cells are washed x2 with cold RPMI-1640 followed by centrifugation (1000 
rpm, 5 mins at 40Q and the cells are then transferred to a sterile 15 ml centrifuge tube. 
The number of mononuclear cells are enumerated in an improved Neubauer counting 

chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxic azide preservative). The medium is removed 
by immobilizing the beads on a magnet and is replaced with fresh medium. 

The beads are mixed with the cells and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. 

The bead-coated cells are immobilized on a magnet and the remaining cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube. 

Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts. 
This wash process is repeated xlO. The bead-coated cells are discarded. 

The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 
appropriate number in EMEM medium (the number of osteoclasts is variable from 
tumor to tumor), supplemented with 10% fetal calf serum and 1.7g/Iiter of sodium 
bicarbonate. 

3ml aliquots of the cell suspension (per compound treatment) are decanted into 
15ml centrifuge tubes. The cells are pelleted by centrifugation. 
• To each tube, 3ml of the appropriate compound treatment are added (diluted to 50 
uM in the EMEM medium). Also included are appropriate vehicle controls, a positive 
control (anti-vitronectin receptor murine monoclonal antibody [87MEM1J diluted to 
100 ug/ml) and an isotype control (IgG,, diluted to 100 ug/ml). The samples are 
incubated at 37°C for 30 mins. 

0.5ml aliquots of the cells are seeded onto sterile dentine slices in a 48-well plate 
and incubated at 37<>C for 2 hours. Each treatment is screened in quadruplicate. 
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The slices are washed in six changes of warm PBS ( 10 ml / well in a 6-well plate) 
and then placed into fresh medium containing the compound treatment or control 
samples. The samples are incubated at 37°C for 48 hours. 

Tartrate resistant acid phosphatase (TRAP) procedure (selective stain for cells of the 
osteoclast lineage) 

The bone slices containing the attached osteoclasts are washed in phosphate 
buffered saline and fixed in 2% gluteraldehyde (in 0.2M sodium cacodylate) for 5 mins. 

They are then washed in water and are incubated for 4 minutes in TRAP buffer at 
370 C (0.5 mg/ml naphthol AS-BI phosphate dissolved in N,N-dimeth y lformamide and 
mixed with 0.25 M citrate buffer ( P H 4.5), containing 10 mM sodium tartrate. 

Following a wash in cold water the slices are immersed in cold acetate buffer (0. 1 
M, pH 6.2) containing 1 mg/ml fast red garnet and incubated at 4<>C for 4 minutes. 
Excess buffer is aspirated, and the slices are air dried following a wash in water 
The TRAP positive osteoclasts (brick red/ purple precipitate) are enumerated by 
bnght-field microscopy and are then removed from the surface of the dentine by 
sonication. 

• Pit volumes are determined using the NikonyLasertec ILM21Wconfocal 
microscope. 

Assay 2 (using an ELISA readout) 

The human osteoclasts are enriched and prepared for compound screening as 
described in the initial 9 steps of Assay 1. For clarity, these steps are repeated hereinbelow. 
Ahquots of human osteoclastoma-derived cell suspensions are removed from liquid 
nitrogen strorage, warmed rapidly at 37°C and washed xl in RPMI-1640 medium by 
centrifugation (lOOOrpm, 5 mins at 4°C). 

The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins oo ice and 
mixed frequently. 

The cells are washed x2 with cold RPMI-1640 followed by centrifugation (1000 
rpm, 5 mins at 4<>C) and the cells are then transferred to a sterile 15 ml centrifuge tube. 
The number of mononuclear cells are enumerated in an improved Neubauer counting 
chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
(Dynal, Great Neck. NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxic azide preservative). The medium is removed 
by immobilizing the beads on a magnet and is replaced with fresh medium. 
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• The beads are mixed with the ceils and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. 

The bead-coated cells are immobilized on a magnet and the remaining cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube. 

Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts. 
This wash process is repeated xlO. The bead-coated cells are discarded. 

The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 

appropriate number in EMEM medium (the number of osteoclasts is variable from 

tumor to tumor), supplemented with 10% fetal calf serum and 1.7g/Iiter of sodium 
bicarbonate. 

In contrast to the method desribed above in Assay 1, the compounds are screened at 
» 4 doses to obtain an IC^, as outlined below: 

The osteoclast preparations are preincubated for 30 minutes at 37°C with test 
compound (4 doses) or controls. 

They are then seeded onto bovine cortical bone slices in wells of a 48-well tissue 
culture plate and are incubated for a further 2 hours at 37°C. 

The bone slices are washed in six changes of warm phosphate buffered saline 
(PBS), to remove non-adherent cells, and are then returned to wells of a 48 well plate 
containing fresh compound or controls. 
• The tissue culture plate is then incubated for 48 hours at 37°C. 

The supematants from each well are aspirated into individual tubes and are 
screened in a competitive ELISA that detects the c-telopeptide of type I collagen which 
is released during the resorption process. This is a commercially available ELKA 
(Osteometer, Denmark) that contains a rabbit antibody that specifically reacts with an 8- 
amino acid sequence (Glu-Lys-Ala-His- Asp-Gly-Gly-Arg) that is present in the 
carboxy-terminal telopeptide of the al-chain of type I collagen. The results are 
expressed as % inhibition of resorption compared to a vehicle control. * 

Human osteoclast adhesion assay 

The human osteoclasts are enriched and prepared for compound screening as 

described above in the inital 9 steps of Assay 1. For clarity, these steps are repeated 
hereinbelow. 
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Aliquots of human osteoclastoma-derived cell suspensions are removed from liquid 
nitrogen strorage, warmed rapidly at 37°C and washed xl in RPMI-1640 medium by 
centrifugation (lOOOrpm, 5 mins at 4°Q. 
• The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
5 diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
mixed frequently. 

The cells are washed x2 with cold RPMI-1640 followed by centrifugation (1000 
rpm. 5 mins at 4<>C) and the cells are then transferred to a sterile 15 ml centrifuge tube. 
The number of mononuclear cells are enumerated in an improved Neubauer counting 
10 chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxic azide preservative). The medium is removed 
by immobilizing the beads on a magnet and is replaced with fresh medium. 

The beads are mixed with the cells and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. 
• The bead-coated cells are immobilized on a magnet and the remaining cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube. 

Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts. 
20 This wash process is repeated xlO. The bead-coated cells are discarded. 

The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 
appropriate number in EMEM medium (the number of osteoclasts is variable from 
tumor to tumor), supplemented with 10% fetal calf serum and 1.7g/liter of sodium 
bicarbonate. 

Osteoclastoma-derived osteoclasts are preincubated with compound (4 doses) or 
controls at 37°C for 30 minutes. 

The cells are then seeded onto osteopontin-coated slides (human or rat osteopontin, 
2.5ug/ml) and incubated for 2 hours at 37°C. 

Non adherent cells are removed by washing the slides vigorously in phosphate 
buffered saline and the cells remaining on the slides are fixed in acetone. 

The osteoclasts are stained for tartrate-resistant acid phosphatase (TRAP), a 
selective marker for cells of this phenotype (see steps 15 -17), and are enumerated by 
light microscopy. The results are expressed as % inhibition of adhesion compared to a 
vehicle control. 
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Cell Adhesion Assay 
Cells and Cell Culture 

Human embryonic kidney cells ( HEK293 cells) were obtained from ATCC 
(Catalog No. CRL 1573). Cells were grown in Earl's minimal essential medium (EMEM) 
medium containing Earl's salts, 10% fetal bovine serum, 1% glutamine and 1% Penicillin- 
Steptomycin. 

Constructs and Transfections 

A 3.2 kb EcoRI-Kpnl fragment of the a v subunit and a 2.4 kb Xbal- Xhol fragment 
of the P 3 subunit were inserted into the EcoRI - EcoRV cloning sites of the pCDN vector 
(Aiyar et al., 1994 ) which contains a CMV promoter and a G418 selectable marker by 
blunt end hgation. For stable expression, 80 x 10 6 HEK 293 cells were electrotransformed 
with a v+P3 constructs (20 ug DNA of each subunit) using a Gene Pulser (Hensley et al 
1994 ) and plated in 100 mm plates (5xl()5 cells/plate). After 48 hr, the growth medium' 
was supplemented with 450 ug/mL Geneticin (0418 Sulfate, GEBCO-BRL, Bethesda. MD) 
me cells were maintained in selection medium until the colonies were large enough to be 
assayed. 

Immunocytochemical analysis of transfected cells 

To determine whether the HEK 293 transfectants expressed the vitronectin 
receptor, the cells were immobilized on glass microscope slides by centrifugation, fixed in 
acetone for 2 m,n at room temperature and air dried. Specific reactivity with 23C6. a 
monoclonal antibody specific for the a v p 3 complex was demonstrated using a standard 

indirect immunofluorescence method. 

Cell Adhesion Studies 

Coming 96-well BUS A plates were precoated overnight at 4<>C with 0. 1 mL of 
human vitronectin (0.2 ug/mL in RPMI medium). At the time of the experiment, the plates 
were washed once with RPMI medium and blocked with 3.5% BSA in RPMI medium for 1 
hr at room temperature. Transfected 293 cells were resuspended in RPMI medium 
supplemented with 20 mM Hepes, pH 7.4 and 0.1% BSA at a density of 0.5 x 10° cells/mL 
0.1 mL of cell suspension was added to each well and incubated fori hr at 37«C, in the 
presence or absence of various a v 0 3 antagonists. Following incubation. 0.025 mL of a 
10% formaldehyde solution, pH 7.4, was added and the cells were fixed at room 
temperature for 10 min. The plates were washed 3 times with 0.2 mL of RPMI medium 
and the adherent cells were stained with 0.1 mL of 0.5% toluidine blue for 20 min at room 
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temperature. Excess stain was removed by extensive washing with deionized water The 
toluidme blue incorporated into cells was eluted by the addition of 0.1 mL of 50% ethanol 
containing 50 mM HC1. Ceil adhesion was quantitated at an optical density of 600 nm on a 
microliter plate reader (Titertek Multiskan MC, Sterling, VA). 

Solid-Phase ctyPg Binding Assay: 

Tbe vitronectin receptor a v p 5 was purified from human placenta. Receptor 
Preparation was diluted with 50 mM Tris-HCl, P H 7.5, 100 mM NaCl. 1 mM CaCl 2 1 mM 
Mnd 2 , 1 mM MgCl 2 (buffer A) and was immediately added to 96-well ELBA plates at 0 1 
mlperw e U.0,-0.2u g ofa v P3wasaddedperwell. The plates were incubated overnight at 
4 C. At the t,me of the experiment, the wells were washed once with buffer A and were 
.ncubated with 0. 1 ml of 3.5% bovine senim albumin in the same buffer for 1 hr at room 
temperature. Following incubation the wells were aspirated completely and washed twice 
with 0.2 mi buffer A. . 

In a [3HJ-SK&F-107260 competition assay, various concentrations of unlabeled 
«ts(0.001-100 mM) were added to the wells, followed by the addition of 5.0 nM of 
[ HJ-SK&F-107260. The plates were incubated for 1 hr at room te mperatur e. Following 
incubation the wells were aspirated completely and washed once with 0.2 ml of ice cold 
buffer A in a well-to-well fashion. The receptors were solubilized with 0.1 ml of 1% SDS 
and the bound [ 3 H] . SK&F . 1 07260 was determined by liquid scintillation counting with the 
addmon of 3 ml Ready Safe in a Beckman LS 6800 Liquid Scintillation Counter, with 40% 
efficiency. Nonspecific binding of ^HJ-SK&F- 107260 was determined in the presence of 2 
uMSK&F-107260and was consistently less than 1 % of total radioligand input. TheIC 50 
(concentration of the antagonist to inhibit 50% binding of pHJ-SK&F- 107260) was 

mZ.^ ^ 3 n ° nHnear ' 16351 SqUareS CUrVe - f,tting f0Utine ' Which ™ f">m the 

LUNDON-2 program. The K, (dissociation constant of the antagonist) was calculated 
accordmg to Cheng and Prusoff equation: Kj = IC 50 / (1 + L/Kd), where LandKd were the 
concentration and the dissociation constant of [ 3 H]-SK&F- 107260, respectively. 

Inhibition of RGD-mediated GPIIb-ma binding 

Purification of GPIIb-IIIa 

Ten units of outdated, washed human platelets (obtained from Red Cross) were 
lyzed by gentle stirring in 3% octylglucoside, 20 mM Tris-HCl, P H 7.4, 140 mM NaCl 2 
mMCaCl 2 at4°Cfor2h. The lysate was centrifuged at lOO.OOOg for 1 h. Tne supernatant 
obtained was applied to a 5 mL lentil lectin sepharose 4B column (E.Y Labs) 
preequilibrated with 20 mM Tris-HCl, P H 7.4, 100 mM NaCl. 2 mM CaCl 2 1% 
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octylglucoside (buffer A). After 2 h incubation, the column was washed with 50 mL cold 
buffer A. The lectin-retained GPIIb-IIIa was eluted with buffer A containing 10% dextrose 
All procedures were performed at 4°C. The GPIIb-IIIa obtained was >95% pure as shown 
by SDS polyacrylamide gel electrophoresis. 

Incorporation of GPIIb-nia in Liposomes. 

A mixture of phosphatidylserine (70%) and phosphatidylcholine (30%) (Avanti 
Polar Ltpids) were dried to the walls of a glass tube under a stream of nitrogen. Purified 
GPIIb-ma was diluted to a final concentration of 0.5 mg/mL and mixed with the 
phospholipids in a protein phospholipid ratio of 1:3 (w:w). The mi xture was suspended 
and sonicated in a bath sonicator for 5 min. The mixture was then dialyzed overnight using 
12,000-14,000 molecular weight cutoff dialysis tubing against a 1000-fold excess of 50 
mM Tris-HCl, P H 7.4, 100 mM NaCl. 2 mM CaC12 (with 2 changes). The GPIIb-IIIa- 
contatmng liposomes wee centrifuged at 12,000g for 15 min and resuspended in the dialysis 

buffer atafinal protein concentration of approximately 1 mg/mL. The liposomes were 
stored at -70C until needed. 
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Competitive Binding to GPIIb-IIIa 

The binding to the fibrinogen receptor (GPIIb-IIIa) was assayed by an indirect 
competitive binding method using [3 H ]-SK&F- 107260 as an RGD^type ligand The 
binding assay was performed in a 96-well filtration plate assembly (Millipore Corporation 
Bedford, MA) using 0.22 um hydrophilic durapore membranes. The wells were precoated 
w,th 0.2 mL of 10 Mg/mL polylysine (Sigma Chemical Co., St. Louis, MO.) at room 
temperature for 1 h to block nonspecific binding. Various concentrations of unlabeled 
benzazepmes were added to the wells in quadruplicate. [3 H ]-SK&F- 107260 was applied to 
each well at a final concentration of 4.5 nM, followed by the addition of 1 ugof the purified 
platelet GPIIb-ma-containing liposomes. The mixtures were incubated for 1 h at room 
temperature. The GPHb-ffla-bound [3HJ-SK&F- 107260 was seperated from the unbound 
by filtration using a Millipore filtration manifold, followed by washing with ice-cold buffer 
(2 tunes, each 0.2 mL). Bound radioactivity remaining on the filters was counted in 1 5 mL 
Ready Solve (Beckman Instruments. Fullerton, CA) in a Beckman Liquid Scintillation 
Counter (Model LS6800). with 40% efficiency. Nonspecific binding was determined in the 
presence of 2 uM unlabeled SK&F-107260 and was consistently less than 0.14% of the 
total radioactivity added to the samples. All data points are the mean of quadruplicate 
35 determinations. 

Competition binding data were analyzed by a nonlinear least-squares curve fitting 
procedure. This method provides the IC50 of the antagonists (concentration of the 
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antagonist which inhibits specific binding of [ 3 H]-SK&F- 107260 by 50% at equilibrium). 
The IC50 is related to the equilibrium dissociation constant (Ki) of the antagonist based on 
the Cheng and Prusoff equation: Ki = IC50/(l + L/Kd), where L is the concentration of [3H]- 
SK&F-107260 used in the competitive binding assay (4.5 nM), and Kd is the dissociation 
constant of [3H]-SK&F- 107260 which is 4.5 nM as determined by Scatchard analysis. 

Preferred compounds of this invention have an affinity for the vitronectin receptor 
relative to the fibrinogen receptor of greater than 10: 1 . Most preferred compounds have a 
ratio of activity of greater than 100: 1 . 
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The efficacy of the compounds of formula (I) alone or in combination with l. 
antineoplastic agent may be determined using several transplantable mouse tumor models. 
See U. S. Patent Nos. 5,004,758 and 5,633,016 for details of these models 

The examples which follow are intended in no way to limit the scope of this 
invention, but are provided to illustrate how to make and use the compounds of this 
invention. Many other embodiments will be readily apparent to those skilled in the art. 

General 



Proton nuclear magnetic resonance (Ifi NMR) spectra were recorded at 300 MHz, 
and chemical shifts are reported in parts per million (8) downfield from the internal 
standard tetramethylsilane (TMS). Abbreviations for NMR data are as follows: s = singlet, 
d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, dt = doublet of 
triplets, app = apparent, br » broad. J indicates the NMR coupling constant measured in 
Hertz. CDC1 3 is deuteriochloroform, DMSOdg is hexadeuteriodimethylsulfoxide, and 
CD3OD is tetradeuteriomethanol. Mass spectra were obtained using electrospray (ES) 
ionization techniques. Elemental analyses were performed by Quantitative Technologies 
Inc., Whitehouse, NJ. Melting points were obtained on a Thomas-Hoover melting point 
apparatus and are uncorrected. All temperatures are reported in degrees Celsius. Analtech 
30 Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates were used for thin layer 
chromatography. Flash chromatography was carried out on E. Merck Kieselgel 60 (230- 
400 mesh) silica gel. Analytical and preparative HPLC were carried out on Beckman 
chromatographs. ODS refers to an octadecylsilyl-derivatized silica gel chromatographic 
support. YMC ODS-AQ® is an ODS chromatographic support and is a registered 
35 trademark of YMC Co. Ltd., Kyoto, Japan. PRIM® is a polymeric (styrene- 

divinylbenzene) chromatographic support, and is a registered trademark of Hamilton Co., 
Reno, Nevada. C-18 Mega Bond Elut® is a solid-phase extraction column that contains an 
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octadecyl-bonded silica sorbent, and is a registered trademark of Varian Associates 
Sunnyvale, California. Celite® is a filter aid composed of acid-washed diatomaceous 
silica, and is a registered trademark of Manville Corp., Denver, Colorado. 

^ Preparation 1 

Preparation of Mr^mipo-l-Pthynfminolp ynHin^;^,^,^^ 

a) 2 -[f2-(tert-Butoxycarbonyl)amino-l-ethyI]amino]-l-oxopyridine 
' A mixture of N-Boc-ethylenediamine (5.83 g, 36.39 mmole), 2-chloropyridine-N- 

ox,de hydrochloride (7.25 g, g. 43.67 mmole), NaHC0 3 (15.29 g, 182 mmole), and tert- 
amyl alcohol (36 mL) was heated at reflux. After 47 hr, the dark brown mixture was 
coded, diluted with CH 2 C1 2 (100 mL). and suction filtered. The filtrate was concentrated 

^^T'T^^^ Silicagelchromatogra P hy ( 10 % 
MeOHO^Clz) gave the tttle compound (8.23 g, 89%) as a yellow solid: 1 H NMR (250 

b) 2 -[[2-(tert-Butoxycarbonyl)amino-l-ethyl]amino]pyridine 

« 27 « m ^T,f 2 " [[2 " (tert " bUtOXyC " b ^^ (700 
g. 27.64 mmole). 10% Pd/C (5.88 g. 5.53 mmole), cyclohexene (28 mL, 276.4 mmole). and 

•sopropano (1 10 mL) was heated at reflux. After 17 h, the reaction was filtered through 
cehte®, and the filtrate was concentrated. The yellow residue was concentrated from 
toluene, then was chromatographed on silica gel (5% MeOH/CHCl 3 ). The title compound 
(5.09 g, 78%) was obtained as a yellow oil: 1 H NMR (400 MHz, CDCI3) 6 8.05 - 8 12 (m 
lH).7.37-7.46(n,lH). 6.53-6.61 (m. 1 H). 6.41 (d. J = 8.3 Hz. 1 H)%.12 (br s 1 m 
4.86(brs.lH).3.26.3.51( m .4H).1.44(s.9H);MS(ES)m/e238(M + H) + . ' 

c) 2-[(2-Amino-l-ethyl)amino]pyridine dihydrochloride 

4 N HCl/dioxane (54 mL) was added in a stream to a solution of 2-[[2-(ten- 
butoxycarbonyOarnino-l-ethyllaminolpyndine (5.09 g. 21.45 mmole) in anhydrous 
CH 2 C1 2 (54 mL) at 0 »C under argon, then the mixture was wanned to RT. After 2 hr the 
nuxture was cooled to 0 «C and suction filtered. The solid was washed extensively whh 
anhydrous Et 2 0 and dried in high vacuum at 40 °C to afford the tide compound (4 27 g 
95%) as an off-white, somewhat hygroscopic solid: 1 H NMR (400 MHz, CD3OD) 6 7 99 - 
8.07(m,lH),7.92-7.98(m.lH)^^^^ 
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M T* ns !; 3 ' 27 J = 6 2 2 ° bSCUred by reSidUaI S0lvent si ^ al )= M * 

(ES) m/e 138 (M + H)+. 



Preparatinn 7 

5 

Preparation of Mn-amino.l.mnp viw, ^ dine dltwHlwv . h ,^ 

a) 2-[[3-(tert-Butoxycarbonyl)amino-l-propyl]amino]-l-oxopyridine 

According to the procedure of Preparation 1 (a), except substituting N-Boc- 

Z T^ ne (3 ' 33 * 20 ^ ^^arnine, the title compound 
(4.90 g, 92%) was prepared: MS (ES) m/e 268 (M + H)+. 

b) 2-[[3-(tert-Butoxycarbonyl)amino.l. p ropyl] am ino] P yridine 

According to the procedure of Preparation 1 (b), except substituting 2-[[3-(«ert- 
15 butoxyca^^ (4 9Q & ig 3 

(tert-butoxycarbonyOamino-l-ethylJaminoJ-l-oxopyn^ the title compound (3 46 g 
75%) was prepared: MS (ES) m/e 252 (M + H)+. 

c) 2-[(3-Amino-l-propyl)amino]pyridine dihydrochloride 
» According to the procedure of Preparation 1 (c), except substituting l^n- 

butoxycarbonyOamino-l-propylJamino^yridine (3.46 g, 13.8 mmole) for the 2-[[2-(tert- 
butoxycarbonyDamincLethyna^jpyrid^ ^ ^ 

prepared: MS fE5N m/* i <™ ^_ trv+ 
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prepared: MS (ES) m/e 152 (M + H)+ 

Preparatio n 3 

Preparation of ?-f(4- a mino.i .h.. tvn a m«noi r Y r;^ 



ine 



a) 2 -tr4-(tert-Butoxycartonyl)aminc-l.butylJamino]-l-oxopyridine 

According to the procedure of Preparation 1 (a), except substituting N-Boc- 
butylenediamine (0.57 mL, 2.98 mmole) for the N-Boc-ethylenediamine, the title 
compound (0.42 g. 50%) was prepared: MS (ES) m/e 282 (M + H)+. 

b) 2-[[4.(tert-Butoxycarbonyl)amino.l-butyl]arnino] P yridine 

According to the procedure of Preparation 1 (b), except substituting 2-[[4-(tert- 
butoxycarbonyOamino-l-butylJaminoJ-l-oxopyndine (0.88 g. 3.13 mmole) for the 2- t [2- 
(tert-butoxycarbonyOamino-l-emyUaminoJ-l-oxopyridine, the crude title compound was 
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prepared. This material was used without purification. 

c) 2-[(4- Amino- 1 -butyl)amino]pyridine 

Crude 2-([4-(tert-butoxycarbonyl)amino-l-butylJamino] P yridu,e (3.13 mmole) was 
treated with TFA (10 mL) in CH 2 C1 2 (10 mL). After 2 hr the mixture was concentrated 
under reduced pressure. The residue was taken up in 1 .0 N NaOH (20 mL) and extracted 
w,th CHC1 3 (4 x 50 mL). The combined organic extracts were dried over MgS0 4 filtered 
and concentrated under reduced pressure to give the title compound (122 mg, 24%) as a 
yellow oil: MS (ES) m/e 166 (M + H)+. 

Preparation 4 
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a) 2-[(3-Hydroxy- l-butyl)amino]pyridine-N-oxide 

A mixture of 4-amino-l-butanol (2.0 mL, 21.7 mmole), 2-chloropyridine-N-oxide 
hydrochloride (3.00 g, g, 18.0 mmole), NaHC0 3 (7.56 g, 90.0 mmole), and tert-amyl 
alcohol (22 mL) was heated at reflux. After 24 hr, the mixture was cooled and filtered, then 
the filtrate was concentrated under reduced pressure. Silica gel chromatography (10% 
MeOH/CHCl 3 ) gave the title compound (2.08 g, 63%) as a yellow solid: MS (ES) m/e 183 
(M + H)+ 1 ' 1W 



25 



30 



35 



b) 2-[N-(3-Hydroxy-l.butyl).^^ 

To a suspension of 2-[(3-hydroxy-l-butyl)amino]pyridine-N.oxid e (895 mg 4 91 
mmole) in tert-butanol (5 mL) was added di-tert-butyl dicarbonate (1.18 g, 5.40 mmole) 
After 30 hr the mixture was concentrated under reduced pressure. The residue was 
chromatography on silica gel (10% MeOH/CHCI 3 ) to give the title compound (1.34 g 
97%) as a yellow solid: MS (ES) m/e 283 (M + H)+. 

c) 4-[N-(tert-Butoxycarbonyl)-N-(pyridin-2.yl)amino]butanal 

To a solution of DMSO (0.31 mL, 3.54 mmole) in CH 2 C1 2 (5 mL) at -78 »C 
was added oxalyl chloride (0.13 mL, 1.77 mmole) dropwise. After 10 min a 
soluaonof2-rN.(3-hydroxy-l-butyl)-N-(tert-butoxycartonyl^^ 
oxuie (500 mg, 1 .77 mmole) in CH 2 C1 2 (5 mL) was added dropwise. After 30 min, 
Et 3 N (0.81 mL, 5.84 mmole) was added, and the mixture was warmed gradually to ' 
RT. After 20 min, the mixture was diluted with CH 2 C1 2 (20 mL) and washed 
sequentially with 10 mL each H 2 0, 10% HC1, H 2 0, and brine. The organic layer 
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was dried over MgS0 4 , filtered, and concentrated under reduced pressure to give the 
title compound (455 mg, 92%) as a colorless oil. This was used without 
purification: MS (ES) m/e 281 (M + H)+. 

Preparation S 

Preparation of ethyl (±)-4-f4-carhoxv-1.3-o Xa7 nl-9- y i^. Dhenv i h , irannaf<> 

a) (±)-N-(4-Ethoxycarbonyl-3-phenylbutanoyl) serine methyl ester 

To a solution of ethyl (±) 4-carboxy-3-phenylbutano a te (1.00 g, 4.23 mmole) in dry 
DMF (20 mL) was added HOBt (686 mg, 5.08 mmole), Et 3 N (1.77 mL, 12.69 mmole), and 
EDC (974 mg, 5.08 mmole). After 30 min, L-serine methyl ester hydrochloride (790 mg 
5.08 mmole) was added. After 48 hr, the mixture was concentrated under reduced pressure 
The residue was taken up in CH 2 C1 2 (50 mL) and washed sequentially with 20 mL each 
H 2 O t saturated NaHC0 3 , and H 2 0. The organic layer was dried over MgS0 4 . filtered, and 
concentrated under reduced pressure. The residue was chromatographed on silica gel 
(EtOAc) to give the title compound (961 mg, 67%) as a yellow oil: MS (ES) m/e 338 (M + 
H) + . 

b) Ethyl (±)-4-(4-methoxycarbonyl-l,3-oxazoiin-2-yl)-3-phenylbutanoate 

A solution of (±)-N-(4-ethoxycarbonyl-3-phenylbutanoyI) serine methyl ester (723 
mg, 2.14 mmole) and Burgess reagent (613 mg, 2.57 mmole) in dry THF(10 mL) was 
heated at reflux under N 2 . After 2 hr, the mixture was cooled to RT and concentrated under 
reduced pressure. The residue was chromatographed on silica gel (50% EtOAc/hexanes) to 
give the title compound (420 mg, 61%) as a colorless oil: MS (ES) m/e 320 (M + H)+. 



c) Ethyl (±)-4-(4-methoxycarbonyl-l,3-oxazol-2-yl>3-phenylbutanoate 

To a suspension of CuBr 2 (1.17 g, 5.26 mmole) in degassed (3 x vacuum/N^ 
CH 2 CI 2 (6 mL) was added hexamethylenetetramine (737 mg. 5.26 mmole) then DBU (0.78 
mL, 5.26 mmole). After 5 min, a solution of ethyl (±)-4-(4-methoxycarbonyM>oxazoIin- 
2-yl)-3-phenylbutanoate (420 mg, 1.32 mmole) in CH 2 C1 2 (2 mL) was added dropwise. 
After 6 hr. the mixture was filtered through a pad of silica gel (EtOAc) and the filtrate was 
concentrated under reduced pressure. The residue was chromatographed on silica gel (50% 
EtOAc/hexanes) to give the title compound (267 mg, 64%) as a white solid: MS (ES) m/e 
35 318(M + H)+. 
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d) Ethyl (±)-4-(4-carboxy- l,3-oxazol-2-yl)-3-phenylbutanoate 

A solution of ethyl (±)-4-(4- m ethoxycarbonyl- 1 ,3-oxazol-2-yl)-3-phenylbutanoate 

(267 mg, 0.84 mmole) and Lil (338 mg, 2.52 mmole) in pyridine (5 mL) was heated to 
_ reflux. After 18 hr, the mixture was cooled to RT, poured into 10% HC1 (150 mL) then 
> extracted with CH 2 C1 2 (3 x 50 mL). The combined organic extracts were dried over 

MgS0 4 , filtered, and concentrated to give the title compound (205 mg, 80%) as a white 

solid: MS (ES)m/e 304 (M + H)+. 

Preparation ft 

i 

Preparation of f?..(3-ethoxvrarhonvl.2-nh P nvlp m rY , V i , 1 
vl1methvltriph P n Y i r h™ r honium hmmiH „ 

a) Ethyl (±)-4-(4-h y drox y methyl-1.3-oxazol-2- y l)-3. p hen y lbutanoate 

To a solution of ethyl (^(^arboxy-LS-oxazoW-y^S-phenylbutanoate (500 
mg, 1.65 mmole) in dry THF (8 mL) was added 4-methylmorpholine (0.22 mL 199 
mmole) then ethyl chloroformate (0.19 mL. 1.99 mmole) atO °C. After 10 min', NaBH 4 
(249 mg. 6.59 mmole) was added all at once, then MeOH (8 mL) was added dropwise 
After 30 mm. the mixture was quenched with H 2 0 (20 mL) and extracted with EtOAc (3 x 
20 mL) The combined organic extracts were dried over MgS0 4 . filtered. aiKl concentrated 
under reduced pressure. The residue was chromatographed on silica gel (80% 

l^M™? 10 ^ ^ titfe COmP ° Und (3?1 ^ ?8%) 38 3 yeUOW MS (ES) «* 

b) Ethyl (±)-4-(4-bromomethyl-l,3-oxazol-2- y l)-3-phen y lbuta n oate 

•3 g, 4.49 mmole) in dry THF (20 mL) was added PPh 3 (1.41 g. 5.39 mmole) then CBr 4 
(1-79 g. 5.39 mmole) at 0 °C After 20 min. the mixture was warmed to RT. After 2 hr the 
rmxture was concentrated under reduced pressure. The residue was chromatographed o'n 
«feMri (20% EtOAc/hexanes) to give the title compound (1.38 g . 87%) as a colorless oil- 

MS (ES) m/e 352 (M + H)+ 

LmiT ,h °^^ 

A solution of ethyl (±W4-bromomethyM,3-oxazol-2-yl)-3- 
phenylbutanoate (1.0 g. 2.84 mmole) and PPh 3 (745 mg. 2.84 mmole) in dry 
CH 3 CN (10 mL) was heated at reflux under N 2 . After 3 hr, the mixture was cooled 
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to RT and concentrated under reduced pressure. The residue was triturated with 
Et 2 0 (10 mL) to give the title compound (1.66 g, 95%) as a white powder MS (ES) 
m/e535(M + H)+. 

1 Example 1 

Preparation of f±V3-ph ft nvi^ - f4.frr3.r p vriHin.2. v n am inn-U 
propvnamino1carhnnvl|.l 3-oxazol-2-v11h u tanoic arid 

a) Ethyl (±)-3-phenyl-4-[4-r[[3-^^ 
oxazol-2-yl]butanoate 

To a solution of ethyl (±)-4-(4-carboxy-l,3-oxazoI-2-yl)-3-phen y lbutano a te (100 
mg, 0.33 mmole) in CH 2 C1 2 (2 mL) was added 1.1 -carbonyldiimidazole (80 mg. 0.49 
mmole). After 2 hr, Et 3 N (0.14 mL, 0.98 mmole) and 2-[(3-amino-l- 

propyDaminoJpyridinedihydrochloridedlOmg, 0.49 mmole)were added. After4h the 
mixture was concentrated under reduced pressure. The residue was chromatographed on 
sihca gel (75% EtOAc/hexanes) to give the title compound (131 mg, 91%) as a yellow oil 
MS (ES) m/e 437 (M + H)+. 

b) (±)-3-Phenyl-4-[4^^ 
yljbutanoic acid 

To a solution of ethyl (±)-3-phenyl-4-[4-[[[3-(pyridin-2- y l)amino-l- 
propylJaminoJcarbonylM.S-oxazol^-yllbutanoate (131 mg, 0.30 mmole) in 1:1 THF/H 2 0 
(10 mL) was added IN LiOH (0.36 mL, 0.36 mmole). After 18 hr. the mixture was 
concentrated under reduced pressure. The residue was dissolved in 20 mL H 2 0 then 
acidified to pH 6 using 10% HC1. The resulting cloudy solution was extracted with 
CH 2 C1 2 (3 x 75 mL). The organic extracts were dried over MgS0 4 , filtered, and 
concentrated under reduced pressure. The residue was triturated with Et 2 0 to give the tide 
compound as a white solid (63 mg. 51%) which was collected by filtration. MS (ES) m/e 
409 (M + H)+. Anal. Calcd for C 22 H 2 4N 4 04 • 0.75 H 2 0, 1.5 HQ: C. 55.44; H. 5.71; N 
1 1.75. Found: C. 55.49; H. 5.54; N, 1 1.63. 
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Example 7 

^^^^ 
z-yljbutanoate 

According to the procedure of Example 1 (a), except substituting 2- f (2-ami n o-l- 
ethyl) am ,no] Py ridine dihydrochloride (129 mg, 0.74 mmole) for the 2-[(3-aminc-l- 
propyOarninoJpyridine dihydrochloride. the title compound (157 mg, 76%) was prepared- 
MS(ES)m/e423(M + H)+. P 

yljbutanoic acid 

To a solution of ethyK^O-phenyM-^tff^pyridin^yOamino-l- 
«hyl]arni n o]c a rbony,]-,,3- 0 x a zol-2-yl]butan 0 ate (157 mg, 0.37 mmole) in 1:1 THF/H 2 0 
(4mL w a s a ddedl.0NLiOH(0.56mL,0.56mmole ) . After 24 hr, the mixture was 

with Et2 0 (2 x 2 mL), and the P H of the aqueous layer was adjusted to 6 using 10% 
HCL The solunon was chromatographed on a C-18 Mega Bond Elut® column (50 mL 
H 2 0 then 50 mL 10% CH 3 CN/H 2 0). Fractions containing the product were pooled and 
yophU^d to give the title compound (48 mg. 33%) as a white powder: MS (ES) m/e 395 

C 59^9 H ^ C M a,Cdf ° rC 21 H 22N4O 4 .0.75HCl: C, 59.80; H, 5.44; N, 13.28. Found: 
C, 59.89; H. 5.50; N. 12.98. 

Example 1 

FTeparationofrtV^nyl 1 M fFT1 f n.Hn-.-vn^,,^.,^,^^^ 

a) Ethyl &*-V»mWm4^^ 

2-yI]butanoate 

According to the procedure of Example i (a), except substituting Z-^amino-l. 
buty Oaminojpyridine (122 mg. 0.74 mmole) for the ^-ammo-l-propyOaminolpyridine 
^hydrochloride, the title compound (197 mg. 89%) was prepared: MS (ES) m/e 451 (M + 



30 
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b) (±)-3-Phenyl-4- [ 4- [[[ 4-(pyridin-2-yl)a m ino-l-butyl]a m inoJcarbonylM,3-oxazol-2- 
yljbutanoic acid 

To a solution of ethyl (±)-3-phenyl-4-[4-[[[4-(pyridin-2-yl)amino-l- 
butyl]a m ino]carbonyIM.3- 0 xazol-2-yl]butan 0 ate (197 mg. 0.44 mmole) in 11 THF/H 2 0 
(4mL) was added 1.0 N LiOH (0.66 mL, 0.66 mmole). After 24 hr, the mixture was 
washed with Et 2 0 (2 x 2 mL), and the pH of the aqueous layer was adjusted to 6 using 10% 
HC1. The solution was chromatographed on a C-18 Mega Bond Elut® column (50 mL 
H 2 0 then 50 mL 20% CH 3 CN/H 2 0). Fractions containing the product were pooled and 
lyophilized to give the title compound (154 mg, 83%) as a white powder MS (ES) m/e 423 
(M + H)+. Anal. Calcd for C 23 H 26 N 4 0 4 • 0.75 H 2 0: C, 63.36; H. 6.36; N, 12.85. Found- 
C, 63.55; H, 6.27; N, 12.50. 



Example 4 

15 P ^tion of f + ).VphenvM44-f5-(nvridin-2.vn am; nn.t^ ^n-1.3.n ya7 n,-0- 
vllbutanoic aniH 



20 



a) Ethyl (±)-3-phenyl-4-[4-[5-[N^ 
pentyl]-l,3-oxazol-2-yl]butanoate 

To a solution of 4-[N-(tert-butox y carbon y l)-N-(pyridin-2- y l)amino]butanal (140 
mg, 0.5 mmole) in dry DMF (5 mL) was added [2-(3-eth 0 xycarbonyl.2-phenyi P ro P yl)-l,3- 
oxazol-4-yl]meth y Itriphenylphosphonium bromide (369 mg, 0.6 mmole) then KHMDS (1 2 
mL, 0.6 mmole) dropwise at 0 °C. After 3.5 hr, the mixture was diluted with H 2 0 (20 mL) 
and extracted with CH 2 CI 2 (3 x 20 mL). The combined organic extracts were dried over 
MgS0 4 , filtered, and concentrated under reduced pressure. The residue was 
chromatographed on silica gel (3% MeOH in 1:1 EtOAc/CHCl 3 ) to give the title compound 
( 167 mg, 62%, mixture of E/Z isomers) as a yellow oil: MS (ES) m/e 536 (M + H)+. 

b) Ethyl (±)-3-phen y l^[4-[5-^^ 
Em y l(±)-3- P hen y M-[4^^ 
l-pent y l]-l,3-oxa2ol-2- y lJbutanoate (167 mg, 0.3 1 mmole) was dissolved in 4 N HC1 in 
dioxane(3mL). After 1.5 hr, the mixture was concentrated under reduced pressure. The 
residue was dissolved in saturated NaHC0 3 (20 mL) and extracted with CH 2 C1 2 (2 x 20 
mL). The combined organic extracts were dried over MgS0 4 , filtered, and concentrated. 

The above residue was combined with 10% Pd/C (33 mg) and c y clohexene (0.63 
mL, 6.2 mmole) in isopropanol (5 mL), and the mixture was heated at reflux under N 2 . 
After 18 hr, the mixture was cooled to RT and filtered through a pad of celite®, then the 
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filtrate was concentrated under reduced pressure. The residue was chromatography on 
s.hca gel (5% MeOH in 1:1 EtOAc/CHCl 3 ) to give the title compound (75 mg, 57% from 
a) as a white solid: MS (ES) m/e 422 (M + H)+. 

5 c > (±>-3-Phenyl-4-[^^ 

acid 

To a solution of ethyl (^-a-phenyl^^tSKpyridin-^yDamino-l-pentylM 3- 
oxazol-2-ylJbutanoate (75 mg, 0.18 mmole) in 1:1 THF/H 2 0 (2 mL) was added 1 0 N 
L.OH (0.27 mL, 0.27 mmole). After 18 hr. the pH was adjusted to 6 using 10% HCl then 
the solutton was concentrated under reduced pressure to remove the THE The solution was 
chromatography on a C-18 Mega Bond Elut® column (50 mL H 2 Q then 200 mL 20% 
CH 3 CN/H 2 0 containing 0.1% TFA). Fractions containing the product were pooled and 
lyoph,hzed to give the title compound (43 mg, 61%) as a yellow gu m: MS (ES) m/e 394 
(M + H)+. Anal. Calcd for C 23 H 27 N 3 0 3 • 0.098 CF 3 C0 2 H: C. 68.85; H, 6.75; N 10 38 
> Found: C. 69.23; H, 7.00; N, 9.98. 



Example 5 

Parenteral Dosage Unit r 0 mp osit inn 

A preparation which contains 20 mg of the compound of Example 1 as a sterile dry 
powder » prepared as follows: 20 mg of the compound is dissolved in 15 mL of distilled 
water. The solution is filtered under sterile conditions into a 25 mL multi-dose ampoule 
and lyoph.hzed. The powder is reconstituted by addition of 20 mL of 5% dextrose in water 
(D5W) for mtravenous or intramuscular injection. The dosage is thereby determined by the 
mjecnon volume. Subsequent dilution may be made by addition of a metered volume of 
thu dosage unit to another volume of D5W for injection, or a metered dose may be added 
to another mechanism for dispensing the drug, as in a bottle or bag for IV drip infusion or 
other injection-infusion system. 
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Oral Dosag e Unit Comp osition 

A capsule for oral administration is prepared by mixing and milling 50 mg of the 
compound of Example 1 with 75 mg of lactose and 5 mg of magnesium stearate. The 
resulting powder is screened and filled into a hard gelatin capsule. 

Example 7 

Oral Dosa ge Unit Comp osition 

A tablet for oral administration is prepared by mixing and granulating 20 mg of 
sucrose. 150 mg of calcium sulfate dihydrate and 50 mg of the compound of Example 1 
with a 10% gelatin solution. The wet granules are screened, dried, mixed with 10 mg 
starch, 5 mg talc and 3 mg stearic acid; and compressed into a tablet. 



The above description fully discloses how to make and use the present invention. 
However, the present invention is not limited to the particular embodiments described 
20 hereinabove, but includes all modifications thereof within the scope of the following 

claims. The various references to journals, patents and other publications which are cited 
herein comprises the state of the art and are incorporated herein by reference as though 
fully set forth. 
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What is claimed is: 



A compound according to formula (I): 



10 




wherein: 



(D 



YisCRR'orNR'QO); 

R 1 is -Co. 6 alkyl-Het-. -C^alkyl-Ar. H, -C^alkyl, -CN or -S(0) t Rg- 
R 2 is * 



15 



T />— NR"— CR' 2 — W 



(?)„ 



R' 



(P) u 



R - N v^N^(CR' 2 ) ¥ -W— Ql *N^IW-CH'--W— 



{ N Y NR " — CR 2 ~ w — 

(W ^NR 9 



at*, 3 .Q 4 

Q 



H 



,N (CR- ) — W 



or 



W is -(CHRg) a -TJ-(CHRg)b-; 

U is absent or CO, CRg* C^CRgj), S(0) k , O, NRg, CRSORS, CRg(ORk)CRg, 
20 CRg 2 CRg(ORk), QOCRg* CRg 2 C(0), CONR', NR"CO, OC(0), C(0)0. C(S)0 OC(S) 
C(S)NRg. NRgC(S), S(0) 2 NRg, NRgS^ N=N, NRSNRg, NRgCRg,, CRgoNRg CRg,0 
OCRg 2 , Cs C ,CRg=CRg,ArorHet; z • -2 . 

G is NR e , S or O; 

R8 is H, Ci. 6 alkyl, Het-C 0 . 6 alkyl, C 3 .7cycloalkyl-C 0 . 6 alkyl or Ar-Co.fialkyl- 
R k is Rg, -C(0)Rg, or -C(0)ORf; 



25 
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R' is is H, C,. 6 alkyl. Het-C^alkyl, C3. 7 cy C loalkyl-Co. 6 alkyl, Ar- C^alkyl. or 
Ci_ 6 alkyl substituted by one to three groups chosen from halogen, CN.NRg, ORg SRg 
C0 2 RS, and CON(R8) 2 ; 

R f is H, C ^alkyl or Ar-Co. 6 alkyl; 

R e is H. C^alkyl, Ar-Co. 6 alkyl, Het-Co. 6 alkyl, C3- 7 cycloalkyl-Co. 6 alkyl, or 
(CH 2 ) k C0 2 RS; °" 6 1 

R b and Rc are independently selected from H, C,. 6 alkyl, Ar-C^alkyl, Het-Co. 
6 alkyl, or C3-6cy C loalkyI-Co. 6 alk y l, halogen, CF 3> OR* S(0) k Rf, CORf. N0 2 N(Rf) 2 
CO(NRf) 2 , CH 2 N(Rf) 2 , or Rb and R c are joined together to form a five or six membered 
aromas or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
three substuuents chosen from halogen, CF 3 , Cl . 4 alkyl, OR f , S(0) k Rf CORf, C0 2 Rf OH 
N0 2 , N(Rf) 2i CO(NRf) 2 , and C H 2 N(Rf) 2 ; or methylenedioxy; 

OA Q 2 . Q 3 and Q4 ^ independently N or C-Ry, provided that no more than one of 
Q'.O^.Q 3 andQ^isN; 

R' is H, Ci. 6 alkyl, Ar-Co-ealkyl or C^ecycloalkyl-Co-ealkyl; 
R , 'isR , ,-C(0)R , or-C(0)OR'; 

Ry is H, halo. -ORg, -SRS, -CN, -NRgR* -N0 2 , -CF 3 , CF 3 S(0) r -, -C0 2 Rg, -CORg 
or -CONR^, or Ci-galkyl optionally substituted by halo, -ORg, -SRg, -CN, -NRgR" -NO, 
-CF 3 , R-S(0) r -, -C0 2 Rg, -CORg or -CONRg 2 ; 
20 aisO, lor2; 

b is 0, 1 or 2; 

k is 0, 1 or 2; 

r is 0, 1 or 2; 

s is 0, 1 or 2; 
25 uisOorl;and 

visOorl; 

or a pharmaceutical^ acceptable salt thereof. 



15 



30 



2. A compound according to claim 1 in which R2 is 
(?) u 



Q |//N Y NR '~ CR ' r w — 
Q V° 4 

.wherein Q>, Q2, and Q3 are each CRy, Q* is 

CRyorNanduis 0. 
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3- A compound according to claim 2 in which each R* is H, R"is H or 
Ci^alkyl. W is -(CH 2 )i-4-, Q 4 is CRy and Ry is H. 

4. a compound according to claim 1 in which R 2 is 
(9)„ 



R' 

V 3 

.wherein Ql, Q2 an d q3 ^ ^j, CH md u . g 



5. A compound according to claim 4 in which each R' is H, R" is H or 
10 Ci.6alkyl, visOand Wis-(CH2)i-4-. 



6. A compound according to claim 1 in which R2 is 



J| ^ NR" — CR* — V 



15 H. 



20 



R s 

wherein G is NH and Rb and Rc are each 



7. A compound according to claim 6 in which W is -(CH2)i-4-. 

8. A compound according to claim 1 in which R2 is 

b 



j NR"— CR' 2 — W 

, wherein G is NH and R b and R c are 
joined together to form a five or six membered aromatic or non-aromatic carbocyclic or 
heterocychc ring, optionally substituted by up to three substituents chosen from halogen 
CF 3 , C M alkyl, ORf S(0) k Rf COR*. C0 2 Rf, OH, N02, N(R^ CO(NR<) 2 , and 
25 CH 2 N(R r ) 2 ; or methylenedioxy. 

9. A compound according to claim 8 in which Rb and Rc arc joined together 
to form a six membered aromatic carbocyclic ring. 
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10. 



A compound according to claim 9 in which W is (CH2)i-4-. 



11- A compound according to claim 8 in which R*> and R<= are joined together 
to form a six membered aromatic heterocyclic ring. 

12. A compound according to claim 1 1 in which W is -(CH2) 1-4-. 

13. A compound according to claim 1 in which R 2 is 
^N^NR"— CR' 2 — W 

, wherein each R' is H, R" is H or Ci^alkyl, 

R8 is H or C^galkyl and s is 0, 1 or 2. 

14. A compound according to claim 13 in which W is -(CH2)m-. 

15. A compound according to claim 1 in which Rl is phenyl, benzyl, pyridyl, 
imidazolyl, oxazolyl or thiazolyl. 

16. A compound according to claim 15 in which Rl is phenyl. 

17. A compound according to claim 1 in which Y is NHC(O). 

18. A compound according to claim 1 which is: 

(±)0-phenyM-[4-[[[3Kpyridin-2.yl)arnino-l-propyl]armno]carbonyl]-l,3-oxazol- 
2-yl]butanoic acid; 

(±)-3-phenyl^[4-t[[2<pyridin-2.yl)amino-l^myl]amino]carbonyl]-l,3-oxa2ol-2- 
yljbutanoic acid; 

(±)-3-phenyl-4-[4-[[[4-(pyridin-2-yl)amino-l-butyl]amino]carbonyl]-Us)xa2ol-2- 
yljbutanoic acid; or 

(±)0.phenyl^[4-[5-(pyridin-2-yl)amino-l-pentyl].l,3-oxazol-2.yl]buta n oicacid; 
or a pharmaceutically acceptable salt thereof. 

19. A pharmaceutical composition which comprises a compound according to 
claim 1 and a pharmaceutically acceptable carrier. 
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20. A pharmaceutical composition which comprises a compound according to 
claim 1, an antineoplastic agent and a pharmaceutical^ acceptable carrier. 

21. The pharmaceutical composition according to claim 20 wherein the 
5 antineoplastic agent is topotecan. ' 

22. The pharmaceutical composition according to claim 20 wherein the 
antineoplastic agent is cisplatin. 



10 23. A pharmaceutical composition which comprises a compound according 

claim 1, an inhibitor of bone resorption and a pharmaceutically acceptable 



. to 

carrier. 



24. A method of treating a disease state in which antagonism of the <x v B 3 
receptor is indicated which comprises administering to a subject in need thereof a 

15 compound according to claim 1 . 

25. A method of treating a disease statein which antagonism of the a v B 5 
receptor is indicated which comprises administering to a subject in need thereof a 
compound according to claim 1. 

26. A method of treating osteoporosis which comprises administering to a 
subject in need thereof a compound according to claim 1. 



20 



27. 



A method for inhibiting angiogenesis which comprises administering 



25 subject in need thereof a compound according to claim 1. 



to a 



28. A method for inhibiting tumor growth or tumor metastasis which comprises 
administering to a subject in need thereof a compound according to claim 1. 

30 29> A raethod of mating atherosclerosis or restenosis which comprises 

administering to a subject in need thereof a compound according to claim 1. 

30. A method of treating inflammation which comprises administering to a 
subject in need thereof a compound according to claim 1. 

35 
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31. A method of inhibiting tumor growth which comprises administering 
stepwise or in physical combination a compound according to claim 1 and an antineoplastic 
agent. 



32. The method according to claim 3 1 wherein the antineoplastic 
topotecan. 



agent is 



0 



33. The method according to claim 3 1 wherein the antineoplastic agent is 
cisplatin. 



34. A method of treating osteoporosis or inhibiting bone loss which comprises 
administering stepwise or in physical combination a compound according to claim 1 and an 
inhibitor of bone resorption. 

35. A compound according to formula (II): 

(n) 

wherein: 

YisCRH'orNRiqO); 

R 1 is -Co_ 6 alkyl-Het-, -C^aUcyl-Ar, H. -Cj.galkyl, -CN or -S(0) k Rg; 
R 2 is 



Jj ^ NR" CFT 2 — W— 

y^^ n 

( ?>» (9), 



R' 

r .^N v^N^(CR' 2 ) v - W — q1 ^ N NR" — C R' 2 - W— 
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^ NR"- CR' 2 - W — N (CR' 2 ) v - W 

or 

» 

W is -(CHRg) a -U-(CHRg) b -; 

U is absent or CO, CRS 2 , C(=CR g2 ), S (0) k , O, NRg, CR8OR8, CRg(ORk)CRg, 
5 CRg 2 CRg(OR*). C (0)CRg 2 . CRg 2 C(0), CONR* NRCO, OC(O), C(0)0, C(S)0 OC(S) 
C(S)NRg, NRgC(S), S(0) 2 NRg. NRg S (0) 2 N=N, NR8NRg, NRgCRg,, CR8 2 NRg' CR8,0 
OCRg 2 , C =C , CRg=CRg, Ar or Het; 2 ' ^ 

GisNRe.SorO; 

R« is H, Chalky!. Het-C^alkyl, Ca^cycloalkyl-C^alkyl or Ar-C^alkyl- 
10 R k isRg,-C(0)Rg,or-C(0)ORf; 

R 1 is is H, Cl . 6 alkyl, Het-C^alkyl, C3.7cycloalkyl-C 0 . 6 alkyl, Ar- C^alkyl or 
C,. 6 alkyl substituted by one to three groups chosen from halogen. CN. NR8 2 , OR8 SR8 
C0 2 R8,andCON(Rg) 2 ; 1 ' 

R f is H, Cj.galkyl or Ar-C^alkyl; 
15 Re is H, Cl . 6 alkyl, Ar-C^alkyl, Het-C^alkyl. C^cycloalkyl-C^alkyl, or 

R» and Rc are independently selected from H, q^l, Ar-Co_ 6 alkyI, Het-CQ. 
6 alkyl, or C 3 .6cycloalkyl-Co. 6 alkyl. halogen. CF 3 , QRf S(0) k Rf. CORf. NO, NfRf), 
CO(NRf) 2 ,CH 2 N(Rf) 2 ,orRbandRc are joined together t0 formafive „ ^ 
aromauc or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
three substituents chosen from halogen. CF 3 . C M alkyl. OR*, S(0) k Rf CORf. C0 2 Rf OH 
N0 2 . N(Rf) 2t CO(NRf) 2 . and CH 2 N(Rf) 2 ; or methylenedioxy; ' ' 

Q». Q2. Q3 and Q4 are independently N or C-Ry. provided that no more than one of 
Q 1 , Q 2 ,Q3andQ4isN; 

R 1 is H, Q.ealkyl, Ar-Co- 6 alkyl or C3. 6 cycloalkyl-Co-6alkyI; 
R" is R'. -C(0)R' or -C(0)OR'; 

Ry is H. halo. -OR8. -SR8. -CN. -NRgRk -NO,, CF3 S( 0) r . -C0 2 R8. -COR8 
or -CONR8 2 , or CLgalkyl optionally substituted by halo, -OR8, -SR8. -CN, -NR8R" -NO, 
^.R^OV.-CO^g.-CORgor-CONR^; ' * 

30 aisO, lor2; 

b is 0, 1 or 2; 

k is 0, 1 or 2; 

r is 0, 1 or 2; 

s is 0, 1 or 2; 
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uisOorl;and 
visOor 1; 

or a pharmaceutically acceptable salt thereof. 

36. AprocessforpreparingacompoundoftheformulaWasdefinedinclaim 
, wn.ch process comprises reacting a compound of formula (IH) with a compound of 
formula (IV): 




10 R2 - m 2 
IU nrt\ 

(IV) 

wherein R l and R 2 are as defined in formula (I), with any reactive functional 
groups protected; 

and thereafter removing any protecting groups, and optionally forming a 
15 pharmaceutically acceptable salt. 



37. A compound according to any one of claims 1 to 18 for use as a 
medicament. 



20 38. The use of a compound of the formula (I) as defined in claim 1 in the 

manufacture of a medicament for the treatment of diseases in which antagonism of the 
0^03 receptor is indicated. 

39. The use of a compound of the formula (I) as defined in claim 1 in the 
25 manufacture of a medicament for the treatment of diseases in which antagonism of the 

ctyB 5 receptor is indicated. 

40. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the treatment of osteoporosis 

30 

41. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the inhibition of angiogenesis. 

42. The use of a compound of the formula (I) as defined in claim 1 in the 
35 manufacture of a medicament for the inhibition of tumor growth or tumor metastasis. 
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43. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the treatment of atherosclerosis or restenosis. 

44. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the treatment of inflammation. 



tan 



45. The use of a compound of the formula (I) as defined in claim 1 and ; 
antineoplastic agent in the manufacture of a medicament for the inhibition of tumor growth 
in physical combination or for stepwise administration. 

46. The use according to claim 45 wherein the antineoplastic agent is 
topotecan. 



47. 



The use according to claim 45 wherein the antineoplastic agent is cisplatin. 



48. The use of a compound of the formula (I) as defined in claim 1 and an 
inhibitor of bone resorption in the manufacture of a medicament for the treatment of 
osteoporosis in physical combination or for stepwise administration. 



-48- 



PCT WORLD INTELLECTUAL PROPERTY ORGANli^N 

International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 7 : 
A61K 31/421 



A3 



(11) International Publication Number: WO 00/07544 

(43) International Publication Date: 17 February 2000 (17.02.00) 



(21) International Application Number: PCT/US99/ 1 7665 

(22) International Filing Date:, 3 August 1999 (03.08.99) 



(30) Priority Data: 

60/095,703 



7 August 1998 (07.08.98) 



US 



(71) Applicant (for alt designated States except US): SMITHKLINE 

BEECHAM CORPORATION [US/US]; One Franklin Plaza, 
Philadelphia, PA 19103 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MANLEY, Peter, J. 
[US/US]; 1406 Eland Downe, Phoenixville, PA 19460 (US) 
MILLER, William, H. [US/US]; 132 Chinaberry Lane 
Collegeville, PA 19426 (US). 

(74) Agents: MCCARTHY, Mary, E. et al.; SmithKline Beecham 
Corporation, Corporate Intellectual Property, UW2220, 709 
Swedeland Road, P.O. Box 1539, King of Prussia, PA 
19406-0939 (US). 



(81) Designated States: AE, AL, AU, BA, BB, BG, BR. CA CN 
CR, CZ, EE, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KP 
KR, LC, LK, LR, LT, LV, MG, MK, MN, MX, NO* NZ 
PL, RO, SG, SI, SK, SL, TR, TT, UA, US, UZ, VN,' YU,' 
ZA, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, Sz! 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK* 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

(88) Date of publication of the international search report: 

18 May 2000 (18.05.00) 



(54) Title: VITRONECTIN RECEPTOR ANTAGONISTS 




(57) Abstract 

Compounds of formula (I) are disclosed which are vitronectin receptor antagonists and are useful in the treatment of osteoporosis- or a 
pharmaceutical ly acceptable salt thereof. F 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/ 17665 



A. CLASSIFICATION OF SUBJECT MATTER 
IPCj^X 7 A61K 31/421 

US CL :54S/236; 514/374. 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 548/236; 514/374. 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
CHEMICAL ABSTRACTS INDEX CHEMICUS CURRENT ABSTRACTS OF CHEMISTRY. 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0,519,738 A (TAN ABE SEIYAKU CO., LTD) 23 DECEMBER 
1992, SEE ENTIRE DOCUMENT. 



1, 6, 8-12, 15-17, 
19-36 



| | Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited document!: 

'A* document defining the general state of the art which is not considered 

to be of particular relevance 

*B* earlier document published on or after the international filing date 

"L* document which may throw doubts on priority claim <■) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or other 

means 

"P* document published prior to the international filing date but later than 

the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



14 DECEMBER 1999 



Date of mailing of the international search report 

25FEB2M 




Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

USPTO FLOjfeo D. HIG] 
Telephone No. (703) 308-1235 



Form PCT/ISA/210 (second shect)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



I ntci national application No. 
PCT/US99/ 17665 



Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons: 

1. nn Claims Nos.: 37-48 

■ because they relate to subject matter not required to be searched by this Authority, namely: 

THE CLAIMED RECITATION OF A USE. WITHOUT SETTING FORTH ANY STEPS INVOLUED IN THE 
PROCESS. RESULTS IN AN IMPROPER DEFINITION A PROCESS CLAIM 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. | | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



1 . I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. | x| No required additional search fees were timely paid by the applicant. Consequently* this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
l,6 t 8-12.15-17and 19-36 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet(l))(July 1992)* 



1^ 



INTERNATIONAL SEARCH REPORT 



ational application No. 
PCT/US99/ 17665 



BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

GROUP I, CLAIMS 1, 6, 8-12, 15-17 AND 19-48, DRAWN TO 

COMPOUNDS OF FORMULAE (1) AND (II) WHEREIN R 2 IS THE FIRST EPICTED 

FORMULA. 

GROUP II, CLAIMS 1, 4, 5, 15-17 AND 19-48, DRAWN TO 

COMPOUNDS OF FORMULAE (I) AND (II) WHEREIN R 2 IS THE SECOND DEPICTED 

FORMULA. 

GROUP III, CLAIMS 1-3, 15-48, DRAWN TO COMPOUNDS OF FORMULAE (I) 

AND (II) WHEREIN R 2 IS THE THIRD DEPICTED FORMULA. 

GROUP IV, CLAIMS 1, 13-17. 19-48, DRAWN TO COMPOUNDS OF 

FORMULAE (I) AMD (II) WJEREIN R 2 IS THE FOURTH DEPICTED FORMULA. 

GROUP V, CLAIMS 1, AMD 19-48, DRAWN TO COMPOUNDS OF 

FORMULAE (I) AND (II) WHEREIN R 2 IS THE FIFTH. DEPICTED FORMULA. 



Form PCT/ISA/210 (extra sheet)(July 1992)* 



THIS PAGE BLANK (WO) 



